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I. — CONTBIBTJTIONS   TO   THE   StUDT  OF  VOLOAMOS. 

By  J.  W.  JuDD,  F.G.8. 
Intboduotion. 

rB  study  of  the  nature  and  causes  of  the  phenomena  of  volcanic 
activitj,  which  for  some  time  previously  seemed  to  have  almost 
Men  into  abeyance,  has  during  the  last  few  years  attracted  the 
attention  of  many  patient  observers  and  earnest  thinkers.  In  proof 
of  this  statement,  we  need  only  point  to  the  valuable  essays  upon 
the  subject  which  have  recently  been  published  by  Dana,  James 
Hall,  Le  Conte,  Shaler,  Hilgard,  Sterry  Hunt,  and  others  in  America, 
and  to  those  by  Mr.  Mallet,  Captain  Hutton,  the  Rev.  0.  Fisher,  and 
others  in  this  country. 

But  while  we  cannot  but  regard  with  pleasure  the  revival  of 
research  in  this  important  department  of  geological  inquiry,  it  will 
be  well  not  to  overlook  a  source  of  danger  in  the  direction  which  it 
seems  to  be  almost  exclusively  taking. 

The  earliest  speculations  on  the  subject  of  Vulcanology  belong  to 
the  domain  of  Cosmogony,  rather  than  to  that  of  Geology.  With 
the  smallest  basis  of  knowledge  of  the  actual  phenomena  of  volcanic 
activity,  theorists  sought  to  build  up  "  Systems  of  the  Earth,"  in 
which  recourse  was  freely  had  to  igneous  action  to  accomplish  all 
8uch  operations  which  were  felt  to  be  necessary  for  the  removal  of 
the  difficulties  of  their  hypotheses. 

During  the  latter  portion  of  the  last  centurj- ,  however,  the  accurate 
study  of  the  phenomena  presented  by  active  volcanos  was  com- 
menced by  Sir  William  Hamilton,  Dolomieu,  and  Spallanzani,  in 
that  district  of  Europe  where  they  are  most  admirably  displayed, 
namely,  Southern  Italy.  A  little  later  Hutton,  with  his  able  co- 
adjutors and  exponents,  Sir  James  Hall,  Playfair,  and  Macculloch, 
sought  to  apply  the  phenomena  of  active  volcanos  to  the  explanation 
of  the  appearances  presented  by  those  ancient  rocks,  in  which  the 
signs  of  igenous  action  were  clearly  visible ;  and  in  no  country 
could  they  have  been  more  favourably  situated  for  carrying  on 
such  researches  than  in  Scotland. 

In  the  two  schools  which  we  have  thus  noticed  as  taking  their 
rise  at  no  distant  date  from  one  another,  in  Italy  and  Scotland  re- 
t^pectively,  we  have  an  indication  of  the  two  branches  of  inquiry  into 
which  the  study  of  Vulcanology  must  necessarily  tend  to  ftow.     K 
suggestive  comparison  may  be  draw  between  the  investigation  oi 
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volcanic  action  on  the  earth  and  that  of  vital  action  in  the  human 
body.  Ih 'either  case  onr  opportunities  for  direct  experimeni  ara 
coraparati^fiy  few ;  and  in  both,  therefore,  we  are  compelled  I  to 
resort  ^'•itidirect  means  in  order  to  attain  the  desired  results.  To 
acquire  an  understaudiug  of  the  nature  and  causes  of  vital  action, 
one  class  of  inquirers — the  Physiologists — study  the  phenomena 
.pfBsented  by  the  living  body  as  it  performs  its  various  functions; 
•  /'^hile  another  class — the  Anatomists — examine,  in  the  dead  subject^ 
-'.'the  machinery  by  which  the  various  processes  are  carried  on,  and  the 
. '  structure  which  is  built  up  by  their  operations.  As  in  Biology,  so 
in  Geology,  we  have  inquirers  investigating,  by  the  aid  of  mathe- 
matics, physics,  and  chemistry,  the  movements,  products,  and  other 
attendant  phenomena  of  volcanic  activity — the  Physiology  of  the 
Earth ;  while  others  devote  themselves  to  researches  connected  with 
the  position  and  relations  of  the  masses  which  constitute  it — ^the 
Earth's  Anatomy;  and  these  latter  find  in  the  ruins  of  extinct 
volcanos,  and  the  intrusive  masses  connected  with  them,  alike  the 
mechanism  and  the  products  of  igneous  activity.  There  is,  indeed, 
this  difference  between  the  study  of  the  Anatomy  of  the  Microcosm 
and  that  of  the  Macrocosm — ^that,  while  in  the  former  we  are  able  by 
dissection  to  examine  the  structure  of  its  parts  at  our  will,  in  the 
latter  we  can  only  attain  our  object  by  taking  advantage  of  those 
revelations  of  its  interior,  effected  by  the  conjoint  action  of  sub- 
terranean movements  and  surface  denudations. 

It  will  not,  perhaps,  be  doing  violence  to  our  comparison,  if  we 
venture  to  push  it  one  step  farther,  and  to  remark  that,  as  the  pro- 
gress of  Biology  has  in  recent  years  been  very  greatly  furthered  by 
the  microscopic  study  of  the  minute  tissues  of  which  organized  bodies 
are  composed,  so  a  new  department  of  Geology  has  arisen — Micro- 
petrology,  the  homologue  of  Histology — which  promises  equally  to 
advance  our  knowledge  of  the  origin,  nature,  and  succession  of  those 
series  of  changes  which  constitute  the  '4ife  of  the  globe."  The 
study  of  the  internal  structure  of  rocks  by  the  aid  of  the  microsoope, 
the  initiative  to  which  was  given  in  1858  by  Mr.  Sorby's  remarkable 
paper  ''  On  the  Microscopical  Structure  of  Crystals,  indicating  the 
Origin  of  Minerals  and  Kocks,"  has  recently,  in  the  hands  of  Zirkel, 
Forbes,  Vogelsang,  Rosenbusch,  Allport,  and  a  host  of  other  enthu- 
siastic observers,  made  most  prodigious  strides,  and  promises  to 
afford  the  most  valuable  aid  to  geological  research. 

The  first  attempt  at  a  general  treatise  on  Vulcanology  was  that  cf 
Mr.  Scrope  in  1825.     Unfortimately,  while  following  out  the  two 
linos  of  inquiry  which  we  have  just  indicated,  and  attaining  many 
important  results,  the  correctness  and  value  of  which  have  been    ] 
established  by  subsequent  investigations,  the  author  permitted  him-    j 
self  to  be  drawn  aside  from  the  true  paths  of  geological  inquiry  into    '. 
the  speculations  of  Cosmogony.     No  one  was  more  conscious  of  this 
blemish  of  his  work  than  the  author  himself,  as  was  shown  by  the 
subsequent  publication  of  his  well-known  work,  **  The  Geology  and 
Extinct  Volcanos  of  Central  France,*'  in  which  this  error  is  most 
carefully  avoided;  and  also  in  a  second  edition  of  his  general  treatise 
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in  which  the  speoulative  portioDS  are  omitted.  In  the  latter  he  has 
confined  his  researches  within  the  true  limits  of  geological  inquiry, 
and  the  work  remains  the  most  complete  and  masterly  treatise  on 
the  snhject  which  has  yet  been  produced. 

In  the  "  Principles  of  Geology  "  due  weight  has  been  assigned  by 
Sir  Charles  Lyell  to  igneous  action  in  producing  the  existing  features 
of  the  globe.  In  order  to  illustrate  the  manner  in  which  the 
phenomena  presented  by  the  rocks  of  the  globe  are  capable  of 
explanation  by  the  operations  now  taking  place  on  its  surface,  both 
the  "physiological"  and  "anatomical"  blanches  of  the  subject  are 
treated  with  that  force  of  argument,  that  justice  of  illustration,  and  that 
felicity  of  language,  with  which  every  geologist  is  familiar.  Mr.  Dar- 
win's works  on  South  America  and  the  Yolcanic  Islands  of  the  Atlantic 
may  be  regarded  as  additional  and  very  valuable  illustrations  of  the 
"  Principles  of  Geology,"  the  work  which,  as  he  has  himself  assured 
OB,  first  led  him  into  those  lines  of  research  in  which  he  subsequently 
attained  such  preeminent  success. 

During  the  last  fifty  years  innumerable  very  valuable  contributions 
to  both  branches  of  the  science  of  Vulcanology  have  been  made. 
Geographers  and  travellers,  physicists  and  chemists,  mineralogists 
and  petrologists,  have  accumulated  the  most  valuable  details,  illustrat- 
ing the  nature  and  distribution,  the  characters  and  materials,  the 
phenomena  and  products  of  active  volcanos.  Humboldt,  von  Bucb, 
Hoffmann,  Junghuhn,  and  otliers  have  occupied  themselves  with  their 
general  features;  Gustave  Rose,  Abich,  Scaochi,  vom  Bath,  and 
Fuchs,  with  the  rocks  of  which  they  are  composed ;  and  Daubeiiy, 
Deville,  Fouque,  and  Janssen,  with  the  chemical  operations  taking 
place  within  them. 

Equally  valuable  have  been  the  labours  of  those  physical  geologists 
who  have  supplied  us  with  detailed  descriptions  and  accurate  maps, 
illustrating  the  features  jiresen ted  by  the  older  igneous  rock-masses  and 
their  relations  to  the  stratified  deposits  with  wliich  they  are  associated. 
Foremost  in  this  category  we  must  mention  Charles  Maclaren,  who 
at  so  early  a  date  described  with  admirable  clearness  the  volcanic 
rocks  in  the  neighbourhood  of  Edinburgh,  The  maps  and  memoirs 
of  the  Geological  Survey,  especially  those  relating  to  North  Wales 
and  Central  Scotland,  also  afford  very  valuable  illustrations  of  the 
older  volcanic  rocks. 

In  some  of  the  latest  researches  on  Vulcanology,  to  which  I  have 
referred  at  the  commencement  of  this  article,  however,  a  tendency  is 
shown  towards  abandoning  these  safer  methods  of  inquiry,  based  on 
the  doctrine  of  Uniformity,  and  reverting  to  the  earlier  methods — in 
effect,  to  the  substitution  of  Cosmogony  for  Geology.  In  the  ingenious 
theory  elaborated  by  Mr.  Mallet  a  still  bolder  course  is  adopted,  and, 
almost  entirely  ignoring  the  results  of  geological  inquiry,  this  author 
endeavours  to  build  up  on  the  foundation  of  the  nebular  hypothesis  of 
Laplace,  and  by  the  aid  of  those  laws  of  Physics  which  he  regards  as 
fully  established,  a  system  of  "  Vulcanicity."  Had  the  Physical 
Sciences  attained  their  final  stage  of  development,  Mr.  Mallet  n\\^Vi^ 
perhaps  have  been  justiBed  in  taking  such  high  ground  as  \ie  OkO**^^ 
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in  dealing  with  one  of  the  natural  scienoes  ;  but  when  we  find  that 
not  a  few  of  the  data  and  principles  of  calculation  on  which  he  relies 
are  disputed  by  authorities  of  equal  eminence  with  himself  in  their 
special  departments,  geologists  may  be  forgiven  for  thinking  that 
the  tone  assumed  by  him  in  dealing  with  this  subject  was  scaroely 
warranted.  Nor  is  their  confidence  in  the  value  of  his  speculations 
increased,  when  they  find  him  arriving  by  means  of  them  at  oon- 
elusions  totally  at  variance  with  the  clearest  results  of  geologioal 
observation, — such,  for  example,  as  that  ordinary  explosive  volcanic 
eruptions  did  not  take  place  during  the  Palseozoic  period ! 

We  are  far  from  denying  the  advantage  of  inquiries  and  speonla- 
tions  of  this  character.  It  cannot  but  be  of  interest  to  the  student 
of  Geology,  and  at  the  same  time  calculated  to  afford  him  su^estions 
in  the  carrying  out  of  his  investigations,  to  see  how  far  the  oon- 
clusions  at  which  he  has  arrived  by  direct  obsei*vation  can  be  made 
to  harmonize  with  the  hypotheses  based  on  the  latest  results  of 
Physical  Science.  But,  as  these  latter  are  continually  undergoing 
modification  and  development  from  the  progress  of  research,  we 
must  ever  be  on  the  guard  against  allowing  such  theories  to  have 
undue  weight,  or  being  supposed  capable  of  replacing  the  methods 
of  geological  inquiry,  at  first  so  well  developed  by  Button,  and 
afterwards  so  clearly  illustrated  by  the  labours  of  Lyell,  Scrope,  and 
Darwin — methods  based  on  the  principle  that  the  explanation  of  the 
phenomena  of  the  past  can  only  be  obtained  by  a  study  of  the 
operations  which  are  still  going  on  around  us. 

In  giving  a  series  of  sketches  of  the  structure  and  phenomena  of 
some  of  the  most  interesting  volcanic  districts  in  Europe,  we  shall 
endeavour,  as  far  as  possible,  to  avoid  all  subjects  of  a  purely  specu- 
lative character,  and  it  will  be  our  chief  aim  to  direct  especial 
attention  to  those  features  which  suggest  analogies  with  the  volcanic 
formations  of  former  geological  periods,  and  appear  to  be  calculated 
to  throw  light  on  the  nature  and  succession  of  those  operations  by 
which  these  latter  have  been  originated.  "While  dwelling,  however, 
upon  the  more  general  features  of  geological  structure  and  igneous 
action,  in  our  descriptions  of  the  several  districts,  we  shall  endea- 
vour not  to  lose  sight  of  any  of  those  results  of  chemical,  minora- 
logical,  or  microscopical  reseai*ch  which  appear  to  throw  light  upon 
the  subjects  of  our  studies.  Our  object,  in  short,  will  be  to  confine 
these  studies  within  what  we  have  indicated  as  being  the  most  im- 
portant and  legitimate  paths  of  geological  inquiry, — namely,  the 
investigation  of  the  structures  and  operations  of  extinct  and  active 
volcanos,  with  a  view  to  arriving  at  the  laws  which  have  governed 
the  developments  and  manifestations  of  igneous  forces,  alike  in  past 
geological  periods  and  during  the  existing  epoch. 

I. — The  Lipabi  Islands. 

There  is  certainly  no  district  in  Europe,  and  perhaps  none  in  the 
whole  world,  which  affords  such  beautiful  illustrations  of  the  phe- 
nomena of  volcanic  action,  and  at  the  same  time  ofiers  such  re- 
^.    markable  facilities  for  their  investigation,  as  the  little  group  of 
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Mediterranean  islands  lying  between  the  Phlegnean  Fields  of 
Calabria  and  Sicily.  Etna,  it  is  trae,  presents  us  with  the  mona- 
ments  of  igneous  forces  acting  upon  a  grander  scale,  and  Yesuyins 
excites  a  livelier  interest  by  its  historical  associations,  its  fossil  cities, 
and  its  proximity  to  a  splendid  capital ;  but  neither  of  these  volcanos 
can  vie  with  those  of  the  Lipari  Islands,  either  in  the  remarkably 
snggestive  features  of  their  structure,  in  the  permanent  and  interest- 
ing characters  of  their  operations,  or  in  the  variety  and  beauty  of 
their  products. 

Nor  have  the  advantages  here  presented  to  the  geologist  been 
neglected  by  the  pioneers  of  our  science.  Sir  William  Hamilton. 
Dolomieu,  Spallanzani,  and  Scrope  have,  by  the  study  of  their  active 
and  extinct  vents,  contributed  much  towards  our  knowledge  of  the 
modus  operandi  of  volcanic  forces ;  Hoffinann,  Allan,  and  Abich  have 
described  the  interesting  rocks  of  which  the  Lipari  Yolcanoe  are 
oompoeed ;  while  the  last-mentioned  author,  with  Daubeny,  Charles 
Ste. -Claire  Deville,  Fouque,  and  Janssen,  have  investigated  the 
nature  and  products  of  the  chemical  actions  going  on  within  them. 

The  geological  interest  attaching  to  the  volcanos  of  the  Lipari 
Islands  has  induced  the  French  Academy  to  send  out,  on  several 
different  occasions,  commissions  charged  with  their  investigation. 
Many  undertakings,  which  in  other  coantries  require  an  appeal  to 
the  resources  of  the  Government,  are  in  our  own  safely  left  to  in- 
dividual enterprise ;  and  Mr.  Scrope,  who  more  than  fifty  years  ago 
experienced  and  called  attention  to  the  advantages  which  the  Lipari 
Mands  offer  as  objects  of  study,  has  furnished  several  students  of 
volcanic  geology,  myself  among  the  number,  with  the  opportunity 
of  carrying  on  researches  in  thera. 

As  no  general  sketch  of  the  geology  of  the  Lipari  Islands  has 
been  published  since  the  admirable,  but  now  somewhat  obsolete, 
work  of  Friedrich  Hoffmann,  which  made  its  appearance  in  1834,  it 
has  been  suggested  to  mo  that  an  account  of  some  of  the  results  of 
my  own  studies  there  in  the  spring  of  1874  would  be  of  interest  to 
the  readers  of  this  Journal.  The  sketch  which  we  are  here  able  to 
give  must,  of  course,  be  mainly  descriptive,  and  it  will  be  impossible, 
within  its  limits,  to  enter  into  detailed  discussions  of  those  numerous 
problems  of  volcanic  geology,  towards  the  solution  of  which  this 
interesting  group  of  islands  affords  such  valuable  materials. 

The  name  by  which  this  group  of  islands  (a  Sketch-map  of  which 
is  given  on   page  7)  is  generally  known  is  derived  from  its  central, 
largest,  and  most  populous  member.     An  earlier  designation,  and 
one  which  is  still  often  applied  to  them,  is  that  of  "  the  Eolian 
Isles,"  and  there  is  a  curious  interest  attaching  to  its  derivation. 
The  original   Eolus  appears  to  have  been  a  prince  or  chief  of  the 
Greek  colony  which  inhabited  these  islands,  and,  being  probably  a 
man  of  6U|>erior  intelligence  and  shrewdness,  he  seems  to  have  ac- 
quired some   fame  by  employing   the  two  active  volcanos  of  his 
dominions  as  natural  "  weather-glasses."     Stromboli  is  still  believed 
hy  the  Liparotes  to  respond,  like  a  barometer,  to  changes  of  atmo- 
spheric pressure ;  and  the  characters  of  the  vapour-clouds  v»'\i\c\i  t\&^ 
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both  from  it  and  from  Vulcano  are,  unquestionably,  indioative  of 
hygrometric  variations.  The  power  of  forecasting  events  is,  by  Uie 
vulgar  mind,  often  confounded  with  that  of  bringing  them  to  pass ; 
and  the  hero  or  prophet  of  one  generation  becomes  the  demigod  of 
the  next,  and  the  deity  of  succeeding  ones.  Hence  it  is  not  sur- 
prising to  find  Eolus  invested,  in  later  mythologies,  with  the  dignity 
of  "  God  of  the  Winds."  Such  is  the  account  of  the  origin  of  the 
name  as  given  by  some  eminent  Italian  scholars;  but  those  who 
have  experienced  the  fierce  and  sudden  storm  of  the  seas  surround- 
ing the  Eolian  Isles  may  perhaps  be  disposed  to  adopt  a  simpler 
explanation  of  the  identification  of  these  islands  with  the  blusterous 
deity. 

The  group  of  the  Liparis  consists  of  seven  inhabited  islands  and 
a  great  number  of  small  islets  and  rocks.  The  whole  of  these  are 
entirely  composed  of  volcanic  materials,  and  two  of  the  islands, 
Vulcano  and  Stromboli,  contain  still  active  vents ;  in  the  others, 
craters  and  lava-streams,  in  various  stages  of  freshness  or  ruin, 
testify  to  the  former  scale  of  igneous  operations  within  them  ;  while 
active  fumaroles  and  hot  springs  indicate  forces  not  yet  wholly 
subdued. 

In  describing  the  geological  structure  of  the  Lipari  Islands,  it 
may  be  well  to  notice  the  several  rock-masses  in  what  appears  to  be 
tlieir  chronological  order  of  formation.  As  in  the  case  of  the  classical 
district  of  the  Auvergne,  this  order  of  succession  in  the  volcanic 
outbursts  is  sufficiently  indicated  by  the  varying  extent  to  which  the 
dififerent  formations  have  suffered  from  denuding  forces,  and  the 
relations  which  they  everywhere  maintain  towards  one  another. 

A  careful  study  of  the  district  seems  to  prove  that  at  one  time 
there  existed  a  great  central  volcanic  mountain,  now,  like  the  volcano 
of  Santorin  in  the  JEge&n  sea,  in  great  part  submerged,  and  reduced 
to  a  few  islands  representing  the  crater  ring.  Badiating  from  this 
great  central  volcano,  three  fissures  appear  to  have  been  originated, 
and  at  various  points  along  these  fissures  volcanic  cones  were  thi'own 
up,  and  numerous  eruptions  took  place.  Finally,  the  apparently 
dying  energies  centred  in  this  volcanic  district  have  become  localized 
at  two  almost  extreme  points,  giving  rise  to  volcanos  so  opposite  in 
their  mode  of  action  and  in  the  characters  of  their  products,  as  to 
suggest  questions  of  the  highest  interest  to  the  geological  inquirer. 
It  must  of  course  be  borne  in  mind  that  these  three  periods  of 
volcanic  outbursts,  though  sufficiently  well  characterized  for  the 
purposes  of  geological  classification,  are  merely  different  phases  in 
the  display  of  the  same  igneous  activity ;  and  that,  as  they  do  not 
appear  to  have  been  separated  by  periods  of  quiescence,  they  are 
by  no  means  sharply  and  clearly  divided  from  one  another. 

While  Stromboli  stands  unrivalled  as  an  example  of  a  volcano 
in  the  phase  of  permanent  moderate  activity,  offering  facilities  for 
quiet  study,  (of  which  the  distracting  sensations  of  overwhelming 
grandeur  and  personal  danger  can  scarcely  fail  to  deprive  the  ob- 
server, in  the  cases  of  volcanos  in  more  violent  stages  of  eruption), 
Vulcano  furnishes  us  with  a  most  admirable  and  easily  apcessible 
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crater,  in  the  Solfotaia  condifcion,  remarkable  alike  for  the  abundance 
and  variety  of  its  gaseous  emanations,  and  for  the  beauty  of  the 
minerals  which  result  from  them,  but  at  the  same  time  subject  to 
paroxysmic  outbursts  on  the  grandest  scale.  In  all  the  islands  we 
find  the  most  beautiful  illustrations  of  the  constant  shifting  of 
centres  of  volcanic  action  along  lines  of  subterranean  fissure,  and 
the  most  instructive  examples  of  the  wide  diversities  in  the  bhaiao- 
ters  of  lavas,  from  those  of  the  most  highly  silicic  or  acid  composition 
to  those  of  the  most  ferruginous  and  basic,  and  from  the  highly 
crystalline  varieties  on  the  one  hand,  to  perfect  glasses  on  the  other. 
The  analogy  between  the  relations  and  order  of  formation  of  the 
great  central  volcano  and  the  surrounding  lines  of  volcanic  vente  in 
the  Lipari  Islands  on  the  one  hand,  and  the  ruined  volcanos  of  Cential 
France,  namely,  the  Mont  Dore,  the  Cantal,  and  the  Mezen,  and  the 
long  chains  of  ^*  Puys  "  surrounding  them,  on  the  other,  must  strike 
every  student  of  volcanic  geology,  and  is  a  sufficient  justification  for 
our  adopting  the  following  order  in  our  descriptions  of  the  Lipttri 
volcanic  formations : — 

I.  The  great  central  volcano  now  almost  entirely  submerged,  and 
of  which  we  have  only  a  few  highly  ruinous  relics  in  Panaria  and 
the  surrounding  islets. 

II.  The  chains  of  extinct  and  more  or  less  degraded  cones  which 
constitute  the  larger  part  of  the  other  islands. 

III.  The  very  remarkable  features  and  the  interesting  products  of 
the  still  active  or  but  recently  extinct  vents  in  StromboH,  Lipari, 
Yulcano  and  Yulcanello. 

IV.  Our  sketch  of  the  district  will  appropriately  conclude  with 
descriptions  of  the  remarkable  phenomena  exhibited  by  Yulcano  and 
Stromboli  respectively,  and  a  history  of  the  changes  which  have 
taken  place  within  them  during  the  periods  concerning  which  we 
have  authentic  records. 

1. — First  Period  of  Volcanic  Activity  in  the  Lipari  Islandis. 

The  submerged  tract  (see  Map,  p.  7)  which  marks  the  probable 
site  of  a  great  central  volcano  in  the  Lipari  Islands  is  composed — 
judging  from  the  nature  of  the  islands  and  rocks  which  still  rise 
above  the  sea-level — of  various  materials  of  the  trachytic  dass. 
These  occur  in  the  form  of  tuffs  and  agglomerates,  of  lava  streams, 
and  of  solid  masses  of  enormous  dimensions,  which  appear  to  have 
been  extruded  in  a  viscid  or  pasty  condition  in  the  manner  so  com- 
mon with  rocks  of  their  class. 

In  the  disposition  of  the  materials  in  this  central  group  of  islets 
the  student  of  volcanic  geology  at  once  recognizes  those  forms  so 
characteristic  of  partially  submerged  and  greatly  denuded  crater 
rings,  which  are  so  well  exemplified  in  the  ruined  volcanos  of  San- 
torin  in  the  Mge&n  Sea,  and  of  Yentotiene,  one  of  the  Ponza  Islands 
(vide  Scrope's  *  Yolcanos,'  2nd  ed.  p.  209).  As  shown  in  the  sketch 
(Fig.  2),  the  inclined  streams  of  lava,  with  their  alternating  beds  of 
tuff,  which  doubtless  once  constituted  the  sides  of  a  great  cone, 
gradually  built  up  by  their  successive  emission,  now  exist  only  as 
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isolated  fragments,  such  as  Basiluzzo,  Dattilo,  Bottaro,  Lisca  neia, 
and  Lisca  bianca,  each  of  which  presents  the  peculiar  wedge-like 
forms  so  characteristic  of  the  denuded  segments  of  old  crater  rings. 
Some  of  the  lava  masses  in  this  tract,  especially  those  of  Basiluzzo 
and  Dattilo,  exhibit  a  rudely  columnar  structure.  Panaria  was  sap- 
posed  by  Dolomieu  to  afford  traces  of  an  old  crater  in  its  central 
valley,  but  this  point  seems  to  me,  at  best,  very  doubtfuL  The  great 
mass  of  highly  crystalline  rocks  of  wbicb  this  island  is  composed  is 
probably,  like  the  central  trachytic  bosses  of  Astroni  and  Booca 
Monfina,  to  which  it  presents  striking  resemblances  in  chemical  and 
petrological  characters,  the  product  of  an  outburst  of  highly  yiBoA 
materitds  which  have  accumulated  immediately  around  the  voloanie 
vent,  instead  of  flowing  as  lava  streams ;  this  result  being  due,  as  in 
the  analogous  examples  of  the  domitic  puys  of  Auvergne,  to  the 
imperfect  liquidity  of  the  rock  at  the  time  of  its  emission. 

Tlie  lavas  of  the  central  volcano  of  the  Lipari  Islands  have  long 
been  celebrated  for  tlieir  remarkable  petrological  characters.  Com- 
posed of  one  or  more  species  of  felspar,  with  hornblende  or  mica, 
and  some  free  quartz,  their  highly  crystcdline  character  led  some  of 
the  early  observers  to  class  them  as  granites.  On  the  other  hand, 
that  they  were  erupted  near  the  surface,  and  in  many  cases  under 
no  very  great  pressure,  is  shown  by  the  glassy  and  pumiceous  cha- 
racters which  portions  of  their  mass  assume.  Hence  they  have  been 
described  as  exhibiting  all  the  transitions  from  granite  to  pumice. 

In  their  chemical  characters  these  peculiar  rocks  offer  points  of  as 
great  interest  as  in  their  petrological  structure.  From  true  or  ordi- 
nary ("quartzfrei")  trachytes,  with  a  specific  gravity  of  2*6,  and  an 
average  per-centage  of  silica  of  about  62,  tbey  graduate  in  one 
direction  up  to  the  rocks  designated  by  Abich  as  trachy-dolerites, 
with  a  specific  gravity  of  2*75,  and  a  silica  per-centage  of  57 ;  while 
in  the  other,  by  exhibiting  a  smaller  specific  gravity  with  a  higher 
per-centage  of  silica  and  some  free  quartz,  they  approach  the  quartz- 
trachytes.  These  extremes  of  composition  are  exhibited  in  the  rocks 
of  Lisca  nera,  Lisca  bianca,  and  Dattilo,  on  the  one  hand,  and  in 
those  of  Basiluzzo  on  the  other.  They  are  illustrated  by  the  follow- 
ing analyses  made  by  Abich  : — 

Lava  of  Lisca  nera,  etc.      Lava  of  Basiliuao,  ete. 
Specific  graTity      27762  24008 

DlilCft  ..■       ...       .*•       •••      ■•• 

Alumina ...    ... 

Oxides  of  Iron  and  Manganese 

X^lIIlw  •••  •••  •••  •••  994 

Magnesia 

OOUH  ...         •*       ...       ...       ..< 

jLOtUoU  *••        ...        *•*        ••»        ..I 

Two  specimens  of  trachyte  taken  from  Panaria  were  determined 
by  the  same  geologist  to  have  specific  gravities  of  2*6754  and  2*7225, 
and  per-centages  of  silica  of  64:-37  and  61*39  respectively.  A  third 
variety  from  the  same  island  was  found  to  closely  approximate  to 
the  rock  of  Basiluzzo  in  composition. 


•  .• 

67*67 

67*09 

•  *• 

11*94 

17*86 

•■• 

6*71 

0*81 

.•• 

7*72 

1-23 

•  .• 

7*02 

1-20 

... 

)  not 

f  determined. 

410 

... 

8*27 
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From  these  analyses  it  appears  that  the  central  volcano  of  the 
Liparis,  80  far  as  its  rocks  are  open  to  our  observation,  consists  of 
Tarioas  trachytic  materials  approximating  to,  but  never  reaching,  the 
basalts  on  the  one  hand,  and  the  quartz-trachytes  on  the  other. 

The  only  signs  of  volcanic  activity  still  exhibited  by  this  vast 
central  volcano,  the  antiquity  of  which  is  sufficiently  indicated  by 
its  greatly  denuded  and  altogether  ruinous  condition,  consists  in  an 
insignificant  sub-aerial  atufe,  in  the  island  of  Panaria,  and  a  sub- 
marine fumarole,  situated  in  the  channel  between  Lisca  nera  and 
Lisca  bianca.  The  occurrence  of  this  still  active  vent  of  volcanic 
energy  in  the  midst  of  the  submerged  and  altogether  ruined  crater 
of  the  Liparis  may  be  paralleled  with  that  which  exists  in  the  midst 
of  the  similar  crater  of  Santorin,  which  is,  however,  in  a  far  more 
violent  stage  of  action,  and  has  given  rise  to  eruptions  that  have 
attracted  so  much  attention  during  the  last  few  years.  The  sub- 
marine fomarole  of  the  Liparis,  which  is  opened  in  the  white 
pumioeouB  rocks  of  the  sea-bottom  at  a  depth  of  25  feet  from  the 
surface,  pours  forth  considerable  quantities  of  carbonic  acid  and 
aalphnretted  hydrogen  gaaes,  the  bubbles  of  which  produce  a 
beautiful  effect  in  rising  through  the  clear  blue  Mediterranean  waters 
and  cause  the  sea  to  appear  in  a  state  of  ebullition.  As  an  amus- 
ing instance  of  the  power  of  imagination,  we  may  mention  that  in 
a  recently  published  and  popular  book  of  travels,  the  authoress 
describes  in  very  graphic  language  the  sensations  of  scalding  which 
she  experienced  on  thrusting  her  hand  into  this  *'  boiling  water  "  I 

2. — Second  Period  of  Volcanic  Activity  in  the  Zipari  Islands. 

Turning  our  attention  to  the  second  period  of  igneous  activity, 
which  has  been  characterized  in  the  Lipari  Islands,  we  find  that  we 
shall  have  to  refer  to  it  by  far  the  larger  portion  of  the  rocks  of  the 
group.  Constituting  the  entire  masses  of  the  islands  of  Salina, 
Filicudi,  and  Alicudi,  they  form  also  the  basis  of  those  of  Lipari, 
Vulcano,  and  Stromboli,  in  which,  however,  they  are  to  some  extent 
buried  and  concealed  under  the  products  of  the  third  and  latest 
period  of  eruption. 

Tlie  materials  ejected  during  the  second  period  consist  of  lavas  and 
the  agglomerates,  tuffs,  and  ashes  derived  from  them — the  accumu- 
lations of  fragmentary  matters  generally  greatly  preponderating  in 
quantity  over  the  solid  rocks ;  which  latter,  nevertheless,  in  conse- 
cjuence  of  their  greater  power  of  resisting  denuding  forces,  often 
constitute  all  the  most  prominent  and  conspicuous  parts  of  the 
islands. 

Nearly  the  whole  of  the  lavas  of  the  second  period  belong  to  the 
trachytic  class,  but  there  appears  to  be  a  constant  tendency  in  the 
later  formed  of  them  to  a])proximate  towards  the  rocks  of  the 
basaltic  type.  This  gradual  change  in  the  character  of  the  lavas  is 
well  exemplified  in  the  series  of  successive  cones  and  craters  so  well 
displayed  iu  the  southern  part  of  the  island  of  Vulcano.  As  an  ex- 
ample of  the  composition  of  the  lavas  of  this  period,  we  may  instance 
tho  rock  constituting  the  central  mass,  and  forming  by  iat  t\i^  WscfiK. 


12  J.  W.  Judd^On  Voleanos. 

part  of  Stromboli,  which  Abich  found  to  possess  a  specifio  gravity  of 
2-7307,  and  a  pev-oentage  of  silica  of  61*78. 

The  lavas  of  the  second  period  may  be  divided  into  three  classes, 
examples  of  all  of  which  may  be  foond  in  each  of  the  islands  in 
which  the  products  of  this  period  are  developed. 

A.  —  The  most  abundant  of  these  varieties  are  the  ordinary 
trachytes,  usually  rendered  of  a  highly  porphyritic  character,  by 
the  dissemination  through  their  mass  of  scattered,  crystals  of  sani- 
dine,  but  occasionally  compact  and  granular  in  texture,  and  sometimes 
exhibiting  banded  and  ribboned  structures.  These  old  trachytes  are 
often  found  assuming  red  and  purplish  tints  on  weathering,  and  then 
exactly  resemble  in  appearance,  as  they  also  do  in  chemical  oonstita- 
tion,  many  of  the  "  porphyrites  '*  of  ancient  geological  periods. 

B. — ^A  somewhat  less  common  but  very  beautiful  form  assumed 
by  these  trachytes  is  that  of  a  dark  grey  or  almost  black  granular 
base,  through  which  crystals  of  sanidine  are  diffused ;  by  the  passage 
of  the  granular  or  stony  base  into  a  more  or  less  perfect  vitreous 
condition,  the  rock  assumes  the  well-known  characters  of  a  '^  pilch- 
stone-porphyry.*'  This  rock — of  which  beautiful  examples  are  found 
in  the  lava-streams  issuing  from  the  old  ruined  crater  of  Monte 
Sant'  Angek),  constituting  the  highest  point  of  Lipari,  above  Tivoli 
in  the  same  island,  and  also  near  La  Malfi  in  Salina — forcibly  recalls 
to  the  mind  the  precisely  similar  varieties  of  rooks,  so  abundant  at 
Boinn  Shiant  and  the  Sciir  of  Eigg  in  the  Western  Highlands  of 
Scotland. 

C— -The  third  variety  of  the  Lipari  trachytes  finds  its  exact 
analogue  in  the  celebrated  Arso  lava  of  Ischia,  which  has  been  so 
admirably  described  by  Fuchs.  Its  base  is  similar  to  that  of  ordinary 
trachytes ;  but  scattered  through  its  mass  in  greater  or  less  abundance 
occur  crystals  of  augite,  mica,  and  magnetite,  with  grains  of  olivine, 
which  ilnpart  to  the  rock  a  more  basic  composition,  and  cause  it  to 
approximate  towards  the  trachy-dolerites  of  Abich.  Trachytes  of 
this  third  class  are  found  in  Monte  Rosa  in  Lipari,  near  Rinella  in 
Salina,  and  in  great  abundance  and  variety  in  Uie  southern  part  of 
Vulcano. 

One  of  the  most  interesting  features  of  the  Lipari  Islands  is  the 
series  of  wonderful  changes  which  their  rocks  have  undergone,  in 
consequence  of  the  passage  through  them,  subsequently  to  their 
eruption,  of  acid  gases  and  vapours.  By  this  means  the  hard  and 
crystalline  trachytic  lavas  of  Lipari  have,  over  very  large  areas, 
been  reduced  to  a  soft,  white,  earthy  material,  to  the  eye  exactly 
resembling  chalk ;  in  other  cases  they  have  assumed  the  carious  and 
open  crystalline  texture  of  the  "alaunstein  "  of  German  petrologists ; 
while  in  others  again  they  are  found  less  altered,  and  presenting  the 
most  beautiful  variegated  tints.  Similar  changes  may  be  seen  taking 
place  in  the  lava  of  Olibano,  where  it  issues  from  the  crater  of  the 
Solfatara  of  Naples,  but  in  Lip€ui  they  are  far  more  complete  in 
character,  and  on  a  much  grander  scale. 

The  accumulations  of  fragmentary  materials  which  constitute  the 
^    larger  portions  of  the  mass  of  the  Lipari  Islands  exhibit  also  many 
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varieties  of  character.  It  is  interesting  to  notice  that,  while  we 
have  no  proof  from  included  shells  or  other  marine  remains  of  any 
part  of  these  tuffs  having  been  accumulated  under  the  sea,  but,  on 
the  contrary,  find  the  clearest  evidence,  in  the  leaves  and  stems  of 
terrestrial  plants  which  they  so  abundantly  yield,  that  a  part  at 
least  of  them  were  accumulated  under  sub-aerial  conditions,  yet 
they  almost  always  exhibit  some  signs  of  stratification,  and  not  un- 
freqaently,  indeed,  are  very  finely  laminated.  In  explanation  of 
this  circumstance,  however,  it  is  only  necessary  to  point  to  the 
materials,  certainly  of  sub-aerial  origin,  which  cover  Pompeii,  and 
to  the  ashes  ejected  from  Vesuvius  in  1872  and  still  enveloping 
its  cone,  both  of  which  exhibit  an  unmistakably  stratified  or  lami- 
nated character.  The  remembrance  of  these  facts  may  serve  to 
prevent  us  from  too  hastily  inferring  the  sub-aqueous  origin  of 
volcanic  tuffs  occurring  among  ancient  geological  deposits,  from 
their  stratified  appearanoe.  Of  beautiful  examples  of  false-bedding, 
unconformable  stratification,  and  similar  appearances  due  to  the 
action  of  local  causes,  innumerable  interesting  examples  might  be 
adduced  from  among  the  deposits  of  fragmentary  volcanic  materials 
in  the  Liparis. 

In  respect  to  their  structure,  these  accumulations  sometimes  present 
the  character  of  agglomerates  made  up  of  angular  blocks,  including 
some  of  vast  dimensions,  of  all  the  varieties  of  lava  before  mentioned, 
mingled  with  volcanic  bombs,  scoriae,  lapilli,  and  ashes.  At  other 
times  they  are  composed  of  materials  of  more  uniform  character  and 
constitute  tuffs ;  while  not  rarely  they  are  made  up  of  fine  volcanic 
sand  or  dust  and  form  beds  of  ash.  These  latter  are  usually  of 
a  chocolate  brown  colour,  and  often  contain  white  specks,  which  are 
probably  decomposed  fragments  of  felspar  crystals. 

Near  Bagno  Secco,  on  the  western  side  of  the  Island  of  Lipari, 
beds  of  rather  fine-grained  tuff  or  coarse  ash  are  found,  between  the 
laminae  of  which  beautifully  preserved  leaves  and  stems  of  plants 
occur,  in  much  the  same  manner  as  at  Somma. 

To  the  student  of  British  geology  the  analogy  presented  by  these 
modern  leaf-bearing  tuffs  with  those  of  Miocene  age  at  Bally palidy 
in  Antrim,  and  at  Ardtun  in  Mull,  not  only  in  the  characters  of  their 
materials  and  in  the  state  of  jircservation  of  the  fossils,  but  in  the 
particular  groups  of  plants  represented  in  them,  such  as  planes,  pop- 
lars, willows,  flags,  sedges,  and  horse-tails,  is  very  striking.  The  best 
presers'ed  examples  of  the  beautiful  fossil  plants  of  Lipari  were  for- 
merl}^  obtained  at  an  almost  inaccessible  point  of  the  cliff  near  Passo 
della  Scarpa  ;  but  the  adventurous  Liparotc,  who  used  to  obtain  them, 
having  lost  his  life  in  one  of  liis  attempts  to  reach  the  spot,  it  is  now 
rather  difficult  to  obtain  good  specimens.  Fragments  of  stems  and 
leaves,  however,  abound  at  several  points,  and  can  be  procured  with- 
out difficulty  by  any  moderately  good  climber. 

The  tuffs,  etc.,  of   the  second  period  of  volcanic  activity  in  the 
Lipari  Islands  have  suffered,  equally  with  the  lavas  wliich  accompanJ|^p 
them,   from  being  traversed  by  acid  gases  and  vapours.     The  a^tVl^^r 
of  sulphurous  acid  on  the  lime  of  these  volcanic  rocks  baa  ^Vven  ^^" 
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to  tfae  formation  in  them  of  beantifal  veins  of  Belenit«,  aooompanied 
by  Misy  and  other  baaio  aulphatcB  of  iron,  whicli  are  found  inter- 
secting them  in  all  directions.  As  an  illostration  of  one  among  the 
many  (iii£c(i1tics,  the  like  of  which  we  mny  not  unnaturally  anticipate 
experiencing,  when  seeking  to  define  the  exact  character  of  some 
volcanic  products  of  former  geobgioal  perioda,  I  may  mention  that, 
in  some  cases  the  bands  of  finer-grained  ash  in  Lipari  are  converted 
into  an  intensely  hard  rock  of  jaspery  aspect,  and  with  a  conoboidal 
fracture,  to  which — but  for  its  mode  of  occurrence,  its  gradation  into 
the  ordinary  tuffs  around,  and  the  plant-remains  which  it  not  onfre- 
quently  containa — probably  no  geologist  would  dream  of  attributing 
its  true  mode  of  origin. 

Of  the  lavas  and  tufia  of  the  second  period  of  volcanic  action  in 
the  Lipari  Islands,  a  number  of  volcanic  cones  are  built  np,  the 
craters  of  which,  though  usually  clearly  traceable,  are  often  in  the  last 
sb^e  of  ruin  and  decay.  Of  these  cones  and  craters  wo  may  instance 
the  ieUnda  of  Alicudi  and  Filicudi,  each  of  whioh  is  a  volcania 
mountain  rising  directly  out  of  the  sea  to  the  heights  of  2,172  and 
2,S98  feet  respectively,  with  vestiges  of  craters  at  their  summits ; 
in  Salina  wo  have  the  two  similarly  ruined  volcanos  of  Monte  Forri 
(2,850  feet)  and  Monte  Salvatori  (3,125  feet),  the  highest  summit 
in  the  Lipari  Islands;  in  the  island  of  Lipari  the  lavas  and  tuffs  we 
are  now  describing  compose  the  Monte  Sant'  Angelo,  the  culminating 
point  of  the  island,  with  its  great  axial  orator  and  several  smaller 
lateral  ones  on  its  eastern  and  western  flanks;  inVulcano  the  period 
is  represented  by  the  series  of  mined  craters,  forming  all  the  aouthem 
parts  of  tlie  island,  and  culminating  in  Monte  Sarraceno  (1,601  feet) : 
and,  lastly,  the  central  cone  of  Stromboli,  having  an  elevation  of 
3,090  feet,  with  the  doubtful  crater  at  its  apex,  and  the  much  dearer 
one  on  its  southern  flank,  also  belongs  to  the  same  period. 

In  examining  these  old  and  much  denuded  craters,  of  which  that 
on  Monte  Sant'  Angeio  (represented  in  Fig.  3)  afibrds  an  excellent 


Fic,  I.— Knincd  Crater  of  Monte  Kant' Angelo  in  Lipari,  u  ikd  from  tbeiDmmit  of  tbg 
Monle  delta  Guardia  in  tbe  ume  iiland. 

example,  the  stratified  arrangement  of  the  tuffs,  with  converging 
dips  in  their  Interior  parts  and  diverging  ones  exteriorly,  a  feature 
so  characteristic  of  the  structure  of  all  volcanic  cones  (see  Scrope'8 
'Volcanos,'  2nd  cd.  p.  60),  is  often  very  admirably  displayed.  Tho 
lava-streams  can  often  bo  traced  to  their  points  of  issue  from  the 
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craters,  bat  are  Homedmea  cnt  up  by  denudation  into  isolated  masses, 
capping  hilla  composed  of  tufis,  like  the  plateaux  of  Iscliia  and  tbe 
Anver^e.  The  lavas  everywhere  exhibit  the  characteristic  slaggy 
or  acoriaceona  npper  and  under  surfaces,  and  are  often  seen  to  rest 
on  beds  which  are  bumtto  abrightred  colour.  The  masses  composed 
uf  soft  tnfis  are  often  furrowed  by  deep  ravines,  which  render  some 
parts  of  the  islands  almost  impassable,  but  which,  when  accessible, 
afford  the  most  beautiful  illustrations  of  the  structure  of  the  volcanos. 
But  it  is  in  the  sea-cliffs  of  some  of  the  iulands,  and  mora  espe- 
cially in  those  of  tbe  soutliem  and  older  part  of  Vulcano,  that  we 
find  the  most  instmctive  examplea  of  that  interlacing  of  agglomerates, 
lava-Btreams  and  dykes,  which  constitutes  the  character' stio  arohi 
tectnre  of  volcanos  Not  even  tbe  cl  ffs  of  Somma  or  the  pre 
cipiceB  of  the  Val  del  Bove  can  compare  in  this  respect,  with  the 
&oea  presented  to  the  sea  on  the  easteni  southern  and  western  sides 
of  Vulcano  where  the  mountain  1  as  been  deeply  eaten  into  by  the 
(soroaching  waves  (see  Fig  i)  i  or  anything  approaching  in  beauty 
and  completeness  to  the  wonderf  1  sect  one  here  exhibited  we  most 
go  to  the  ruined  and  dissected  volcano'i    f  the  Hebrides 


Tliat  perioils  of  great  duration  must  have  elapsed  since  the  forma- 
tion of  tbe  series  of  volcanic  products  which  we  have  been  describ- 
ing, is  indicated  alike  by  the  great  amount  of  denudation  which  they 
have  nndergone  and  by  the  fact  that  they  are  covered  by  a  younger 
series  of  deposits,  some  of  which  have  themselves  suffered  not  in- 
considerably from  the  same  cause.  That,  on  the  other  hand,  they 
are  of  no  great  antiquity,  from  a  geologicfti  point  of  view,  is  shown 
by  the  fact  that  the  vegetable  remains  imbedded  in  thera  all  belong 
to  well-known  species  of  the  Mediterranean  area. 

Tliat  movements  of  subsidence,  similar  in  kind  but  less  in  degree 
than  that  which  appears  to  have  submerged  the  great  central  volcano 
of  the  group,  must  have  taken  place,  in  the  case  of  the  smaller  and 
encircling  cones,  is  shown  by  the  relations  which  many  of  the  lava- 
streams  bear  to  them,  as  is  particularly  well  seen  in  the  coulees 
which  form  the  peninsula  of  Monte  Itosa,  and  which  have  evidently 
flowed  from  Monte  Sant'  Angelo.  But  that  the  movements  which 
have  taken  jtlace  in  them  have  not  been  uniformly  those  of  depres- 
sion, is  also  demonstrated  by  the  existence  around  the  shores  of 
some  of  the  islands  of  beautiful  raised  benches,  some  of  which  are  at 
least  100  feet  above  the  sea-levoJ.     Of  such  raised  beackcs  vja  Wie. 
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fine  exampleB  at  the  Booca  Piramida  in  Lipari  and  on  the  coait  <f 
Salina  between  La  Matfa  and  La  Capo  (see  Fig,  B). 


We  niUBt  postpone  to  a  biture  communication  tLe  description  of  the 
remarkable  linear  arrangement  of  the  volcanic  vents  of  the  Lipaii 
Islands,  when  we  hope  also  to  give  an  account  of  some  of  the  oharactor- 
isticH  and  products  of  the  last  series  of  igneous  outbnrsts  in  the  district. 

fli  i<  miitiriiiad  in  our  next  Jfumtfr.J 

II. — A  Cbaptkb  iw  the  History  or  Meteobitks. 

Bj  'Waltbe  Fltoht,  D.Sc, 

or  ihe  DepartmcDt  of  Uineralogr,  Kri^h  MtiKnin  i 

AuUbut  Examiner  in  CheEaiitry,  Unirersity  of  London. 

Intbpduotion. 

BY  the  publication  of  Die  Chemitehe  Nalvr  der  Ifeleorttm,  in 
1870,  Professor  Bammelaberg  accomplished  the  task  which 
he  bad  sctbimsolf,  that  of  presenting  to  students  of  mineralogy  a  care- 
ful digest  of  the  scattered  contributions  of  the  time  to  the  literature 
of  moteoritea.  Since  that  date  no  similar  work  of  reference  has  been 
issued.  Bucbner'a  papers,  intituled  Die  Meteorilen  in  Sammlimgen, 
the  first  of  which  was  issued  at  an  earlier  date  than  Rammclsbei'ig's 
memoir,  do  not  apparently  continue  to  be  published,  the  last  one 
having  appeared  in  Poggendorff's  Annalen  in  1869.  It  is  from 
this  period  that  I  propose  to  take  up  the  thread,  and  to  give  in 
the  following  pages  a  digest  of  all  that  has  been  published  on 
the  subject  of  meteoritoa  since  the  beginning  of  fliat  year.  In 
this  time  many  important  contributions  to  this  branch  of  minera- 
logical  Bcieuce  have  boen  made;  highly  interesting  meteoric  falls 
have  taken  place,  among  them  it  will  here  sufflco  to  mention  that 
of  Hesslo,  in  Sweden  ;  remarkable  cosmical  masses  have  been 
discovered,  of  which  none  are  more  curious  than  the  colossal 
meteoric  irons  of  Ovifak,  in  Greenland ;  and  the  presence  of  new 
meteoric  minerals  determined,  such  as  the  calcium  sulphide  of  the 
Bu^ti  aerolite  and  the  tbomhio  form  of  silicic  acid  in  the  Breitenbaoh 
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Biderolite.     The  bearing  of  the  study  of  meteorites  on  our  know- 
ledge of  cosmical  physics  and  geology  will  be  readily  acknowleged. 

It  is  proposed  to  deal  with  the  subject  under  the  following  four 
diyisions : — 

L  To  present  seriatim  a  description  of  all  meteoric  bodies  that 
haire  been  known  to  fall,  or  that  may  have  been  found,  since  the 
above  date  (1st  January,  1869),  including  an  account  of  all  import- 
ant phenomena  attending  their  descent,  and  a  description  of  their 
physical  and  chemical  characters,  or  those  of  tlieir  ingredient 
minerals  as  far  as  they  have  yet  been  determined.  In  the  examina- 
tion of  the  analyses,  it  will  be  shown  that  the  hypothetical  silicate 
sbepardite,  wliich  at  the  present  time  is  supposed  by  many  miner- 
alogists and  geologists*  to  form  a  constituent  of  meteorites  (although 
it  has  never  been  isolated),  not  only  need  not  be  assumed  to  be  present, 
but  that  the  analytical  results  of  these  observers  indicate  the  presence 
in  the  aerolite  of  such  silicates  only  as  have  on  some  occasion  or 
other  been  observed  to  occur  as  distinct  species  in  a  meteorite. 

XL  To  produce  a  similar  digest  of  work  done  from  1869 — 1874 
on  meteorites  which  had  fallen,  or  had  been  found,  at  an  earlier  date, 
giving  such  results  as  correct  earlier  analyses. 

III.  To  prepare  an  exhaustive  notice  of  papers  published  from 
1869 — 1874  on  meteorites  : 

(1).  In  their  relations  to  astronomical  questions;  their  probable 
orbits;  the  phenomena  attending  their  fall;  their  distribution 
on  the  earth's  surface ;  spectroscopic  examination,  etc. 
(2).  In  respect  to  better  methods  of  analysis;  new  catalogues 
of  collections  ;  and  the  bibliography  of  this  branch  of  miner- 
alogy. 

rV.  To  examine  cases  of  doubtful  falls,  pseudo-aerolites,  etc., 
which  have  been  placed  on  record  during  the  above  interval. 

Part  I. 
1869,  January  1st,  12h.  20m.  p.m. — Hessle,  near  ITpsala.' 

This  is  the  first  meteoric  fall  recorded  to  have  taken  place  in 
Sweden.  The  sky  was  cloudy,  and,  though  apparently  unobserved 
at  Hessle,  a  luminous  meteor  was  noticed  by  observers  at  a  distance. 
The  noise  accompanying  the  fall  resembled  heavy  peals  of  thunder, 
followed  by  a  rattling  noise  as  of  waggons  at  a  gallop,  and  ending 
first  with  a  note  like  an  organ  tone,  and  then  a  hissing  sound.  The 
stones  were  strewn  over  a  lino  of  country  lying  30"^  E.  of  S.  towards 
30^  W.  of  N.     Some  of  them  fell  within  a  few  yards  of  a  number  of 

*  In  his  address  "TJebcr  die  Entwickelung  der  Geologie  in  den  letzten  50  Jahren,'' 
deliyered  before  the  German  NutUTHlista'  Association  at  Leipzig  in  1«72,  Von  Dechcn 
alluded  to  shepardit^  (anderthalbfach  kieselsaure  Magnesia)  as  a  characteristic 
neteoric  mineral. 

*  0.  Fahnehjelm.  Meteorfallet  i  Fittja  socken  af  Upsala  Ian  d.  1  Januari,  1869, 
Oefvertigt  Vet.  Akad.  Ford,  1869,  No.  1,  59. — A.  E.  Nord(3nskji)ld.  Kongl.  Svcnska. 
Vetentk.   Akad.   Handl.    riii.  No.    9  ;    Pogg.   Ann.   cxxi.,    205. — G.    Lindstrom. 

Kemtsk  Undersokning  af  MeteorstenarDC   fr&n  Hessle.     Kougl.   Svouska    Vetcnsk. 

Akad.  Ford.,  1869,  No.  8.— K.  A.  Fredholm.     Om  MeteorstensfuUct  vidUcsaVe. 

Leipzig  :  Fritsch. — G.  A.  Dauhr6e.  Cbmj?t.  rend.,  liyiii.,  363. 
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peasantB  who  were  oomiDg  out  of  church ;  one  struck  the  ioe  close 
to  a  man  who  was  fishing  on  the  Malar  Lursta-Yiken,  and  after 
digging,  a  hole  three  or  four  inches  deep,  rehounded ;  when  picked 
up,  it  was  still  warm. 

llie  stones  vary  greatly  in  weight,  from  21bs.  to  0'17  gramme 
(about  2^  gi*ains).  The  smallest  have  the  same  structure  and  thick- 
ness of  crust  as  the  largest,  and  are  in  fact  little  complete  meteorites. 
Such  diminutive  stones  have  not  hitherto  been  noticed,  and  should 
be  sought  for  at  future  aerolitic  falls. 

The  exterior  of  the  stones  is  black ;  the  interior  bright  grey,  and 
sufficiently  porous  to  cling  to  the  tongue.  Tliough  the  structure  of 
these  meteorites  is  so  loose  that  they  break  in  pieces  when  thrown 
with  the  hand  against  the  floor  or  frozen  ground,  it  is  a  remarkable 
fact  that  nearly  all  the  specimens  which  have  been  collected  fell 
intact,  and  some  of  the  heavier  stones  which  struck  the  ice  of  the 
Larsta-Viken  failed  to  penetrate  it,  although  the  thickness  was  only 
a  few  inches  on  New  Year*s  Day.  lliis  explains  in  some  degree  the 
statements  of  eye-witnesses  as  to  their  remarkably  small  downward 
velocity. 

In  appearance  they  resemble  very  closely  the  meteorites  of  Anssim 
and  Clarac,  Haute  Garonne  (9th  December,  1858).  I'hey  have  been 
examined  by  Nordenskjold,  who  so  arranges  the  results  of  hii 
analyses  that  he  finds  them  to  be  composed  of :  20  per  cent  nickel- 
iron  (chamoisite,  Fe^Ni),  with  some  schreibersite  and  rather  less  than 
one  per  cent,  of  chromite  ;  a  variable  amount  of  troilite  (iron  mono- 
sulphide)  ;  a  ti-ace  of  carbon,  probably  in  the  form  of  a  hydrocarbon; 
10  per  cent,  of  labradorite ;  37  per  cent,  of  olivine;  and  23  per  cent 
of  *  shepardite.' 

Two  great  difficulties,  however,  are  presented  by  this  explanation 
of  the  constitution  of  the  Hessle  meteorites.  It  is  not  only  assumed 
that  a  basic  silicate,  like  olivine,  and  a  sesquisilicate,  or  aoid 
silicate,  like  '  shepardite/  exist  in  intimate  association  in  the  same 
rock-mass,  but  it  necessitates  the  retention  as  a  mineral  species  of 
this  very  *  shepardite '  which  the  researches  of  Dr.  L.  Smith  on  the 
Bishopville  stone  have  shown  to  be  no  other  than  a  pure  magnesiaa 
enstatite  (MgO,SiO,). 

In  the  following  table  are  given :  under  I.  the  oxygen  ratios  of 
the  mean  of  the  total  constituents  from  three  analyses,  after  the  nickel- 
iron  had  been  removed  by  mercury  chloride  in  one  case,  and  by  the 
magnet  in  another;  under  11.  the  oxygen  ratios  of  acid  and  bases 
of  silicate  broken  up  by  acid ;  and  under  III.  the  difference  betweea 
I.  and  II.,  or  the  oxygen  ratios  of  acid  and  bases  of  silicate  un- 
affected by  acid. 

I.  Total.      II.  Soluble.  III.  Insoluble. 

16-67 


k 


Silicic  acid    ...    26-45 

...     10*78 

Iron  protoxide       2*971 

...     1-858 

Magnesia        ...  11*82 

...     7*659 

Lime               ...     0*748 

...     0*219 

Alumina         ...     1  431 

...     0*03 

Soda              ...    0*368 

...     0*81 

9*976 


M13 
4*261 
0-629 
1*401 
0*048 


7-362 
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In  the  Bolnble  part  the  oxygen  ratioB  do  not  widely  differ  from 
bote  of  an  olivine,  while  the  atomic  ratio  of  iron  oxide  to  magnesia, 
learly  1  to  4,  is  that  observed  in  many  meteoric  olivines ;  among 
ithera  those  of  the  aerolites  of  Ghantonnay,  Oesel,  and  Bichmond. 
is  in  Nordenskjdld's  analysis  the  soluble  portion  was  oolleoted  after 
he  powdered  mineral  had  been  digested  for  a  long  time  with  warm 
x>noentrated  add,  it  is  certain  that  some  portion  of  any  bronzite  or 
mstatite  that  might  be  present  would  undergo  decomposition,  and 
:his  would  explain  the  slight  excess  over  1  to  1  in  the  oxygen 
ratioa  of  acid  and  total  bases  in  the  insoluble  part  This  insoluble 
portion,  it  will  be  seen,  appears  to  be  chiefly  bronzite,  and  here  again 
die  ratio  of  the  two  metallic  oxides,  also  about  1  to  4,  is  that  of  the 
bronzite  of  several  meteorites,  including  among  them  the  three 
mentioned  above ;  and  the  Hessle  meteorite  is  a  fourth  example,  in 
both  the  olivine  and  bronzite  of  which  the  atomic  ratio  of  iron  oxide 
to  magnesia  is  the  same  (1:4).  The  alumina  has  been  regarded  as  a 
oonstitnent  of  the  bronzite,  very  few  specimens  of  that  mineral, 
whether  terrestrial  or  meteoric,  containing  none  of  this  oxide ;  it 
ooald  not  be  present  as  anorthite,  as  the  chief  amount  is  in  the 
insoluble  portion ;  nor  could  it  be  in  the  form  of  any  other  felspar, 
as  the  requisite  alkali  is  not  present. 

Tlie  most  remarkable  feature  of  the  Hessle  shower  is  the  associa- 
tion with   the   stones  already  described  of  other  cosmical  matter, 
chiefly  composed  of  carbon.     It  was  remarked  by  the  peasants  that 
•ome  of  the  stones  which  fell  on  the  ice  near  Amo  soon  crumbled  to 
a  blackish-brown  powder,  which  fonned  with   the  snow-water  a 
mixture  resembling  coffee-grounds.     Similar  powder  was  found  on 
the  ice  at  Hafslaviken  in  masses  as  large  as  the  hand,  which  floated 
like  foam  on  water,  and  could*  not  bo  held  between  the  fihgers.     A 
nnall  amount,   secured  for  examination,  was  observed  under  the 
microscope  to  be  composed  of  small  spherical  granules.    It  contained 
metallic  particles   extractible  with  the  magnet,  and,  when  ignited, 
burnt  away,  leaving  a  reddish-brown  ash ;  heated  in  a  tube,  it  gave 
a  small  amount  of  a  brown  liquid  distillate.     A  specimen  dried  at 
UQo  had  the  foUowing  composition  :—  Equivalent  Ratios. 

Owrbon       61*6  8-6 

Hfdrogen  ...         ...         ...         ...         ...  3*8  8  8 

Oiy^n  (calculated)         15*7  1'96 

Silicic  acid  16*7 

Iron  protoxide      8*4 

Ifagnefia  ...         ...         ...         ...         ...  1*6 

Lime  ...         ...         ...         ...         ...  0*8 

Soda,  with  trace  of  lithia 1*6 

1000 
The  combustible  constituent  accompanying  the  stony  matter  in 
^e  above  mixture  apj^ears  to  have  the  formula  nCyH^O^  The 
Bessie  stones  form  a  new  member  of  the  small  class  of  carbo- 
^y^jeous  meteorites,  that  is  to  say,  such  as  contain  carbon  in  the 
•Oiorpbous  form,  or  combined  with  hydrogen  and  oxygen,  or  in  both 
^liese  conditions ;  it  includes  at  present  those  which  fell  at  Kivb«i, 
Gold  Bokkeveldt,  Alais,  Orgueil,  Qoalpara,  and  others. 
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It  was  Doticod  that  the  stones  found  in  the  same  distriot  with  the 
carbonaceous  mass  were,  as  a  rule,  quite  round,  and  covered  on  all 
sides  with  a  black,  dull,  and  often  sponge-like,  crust.  The  iron 
particles  on  the  surface  of  the  smaller  stones  were  usually  quite 
bright  and  unoxidized,  as  would  be  the  case  if  the  stone  had  been 
heated  in  a  reducing  atmosphere.  Nordenskjold  believes  that  the 
carbon  compound  frequently,  perhaps  always,  occurs  in  association 
with  meteorites,  and  he  attributes  its  preservation  at  Hessle  to  the 
fact  of  the  stones  having  fallen  on  snow-covered  ground. — The  paper 
is  illustrated  by  a  map  of  the  district,  indicating  the  exact  points 
where  the  larger  masses  descended. 

1869,  May  Sth,  6.32  p.m.— Krahenberg,  near  Zweibrucken,  SheniMh 

Bavaria.* 

A  single  stone  was  seen  to  fall,  the  sky  being  clear  and  bright.  The 
noise  of  the  explosion  is  described  as  having  been  louder  than  that 
of  a  cannon  ;  this  was  followed  by  one  resembling  a  roll  of  musketiy, 
terminating  with  a  sound  as  of  the  rushing  of  steam  from  a  loco- 
motive ;  the  tone  of  the  last  sound  increased  in  pitch,  and  skbruptly 
ended  with  another  loud  noise.  Although  no  luminous  phenomena 
were  observed  at  Kriihenberg,  a  meteor  was  seen  at  Bingen,  Speyer, 
Neuweiler,  in  Alsace,  and  in  other  parts,  which  observers  agree  in 
describing  as  emitting  an  intensely  white  light ;  one  witness,  who 
saw  it  in  the  zenith,  states  that  the  light  was  bluish.  Tbe  inclination 
of  the  path  of  the  meteor  to  the  horizon  is  computed  to  have  been 
32®.  From  observations,  made  independently  by  two  witnesses,  it 
appears  that  this  meteor  came  from  the  point  in  the  heavens,  82^ 
North  Polar  Distance  and  190°  Bight  Ascension.  In  the  Atlas  of 
Meteors  (British  Association)  there  is  given  a  radiant  point  (85^ 
N.P.D.  and  189°  R.A.)  for  the  epoch  of  2nd  April  to  4th  May,  and 
which  is  indicated  as  one  of  those  that  are  "well-defined."  It 
appears,  then,  to  be  highly  ptobablo  that  the  Kriihenberg  meteorite, 
while  traversing  its  cosmical  path,  belonged  to  the  meteor  shower, 
the  radiant  point  of  which  lies  near  S  Virginis. 

Yom  Eath  states  that  the  stone  fell  from  a  small  clouds  A  little 
girl  was  within  a  few  paces  of  the  spot  where  it  struck  the  earth,  on 
the  slope  of  a  hill  facing  the  S.E. ;  it  entered  the  ground  to  a  depth  of 
from  three  to  four  feet,  making  a  perfectly  vertical  hole.  It  was 
soon  dug  out,  and  when  brought  to  the  village  was  warm,  but  not  hot 

The  stone  is  of  the  form  of  a  flattened  spheroid,  and  weighed, 
when  entire,  about  331bs.  The  crust  is  about  0*5  mm.  thick,  and 
though  in  most  parts  black,  some  portions  possess  the  peculiarly 
reddish-brown  colour  noticed  on  the  Pultusk  stones.  The  specific 
gravity  of  the  stone,  free  from  crust,  is  3*497 ;  that  of  the  crust  is 

^  0.  Buchner.  Pogg.  Ann.,  cxxxvii ,  176. — G.  vom  Rath.     Poff^.  Ann.y  cxxxvii., 

328. — C.  E.  Weiss.     Pogg.  Ann.,  cxxxvii.,  617.— G.  Neumayer.     Sitzber.    Wien. 

Akad.,  Ix.,  229.  —  P.   Reinsch.   Lithographic  **  Suite  Mikroxcopiseher  Prarparate*^ 

of  this  Meteorite,  issued  March,  1872 ;  and  Tageblatt  45,  Venammlung  der  NeUut' 

fortcher  in  Leipzig,  1872, 132. 
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3-449;  as  in  the  Pultufik  meteorite,  the  crost  is  lighter  than  the 
body  of  the  stone.  A  remarkable  feature  of  the  surface  are  the 
nomerooB  fmrow-like  depressions,  some  8  mm.  deep,  which  often 
anastomose  and  radiate  from  the  more  even  crown  of  the  stone 
towards  its  peripheiy ;  they  are  confined  to  the  more  ronnded 
side  of  the  stone.  A  newly  broken  snrfaoe  is  light  grey,  and  ex- 
hibits a  net-work  of  fine  black  lines  and  veins  of  nidcdiferons 
iron;  in  one  place  a  little  gangne  of  metal  measured  3  inches  in 
length  and  0-3  to  0-5  mm.  wide.  This  meteorite  bears  a  g^reat 
resemblance,  both  as  r^ards  the  crust  and  internal  structure,  to 
those  above  alluded  to,  which  fell  at  Pultusk,  in  Poland,  on  30th 
January,  1868.  Spherules  are  -  abundant ;  and  oUier  minerals 
readily  distinguishable  are :  olivine,  magnetic  pyrites,  and  chromite ; 
die  whole  being  inclosed  in  a  ''  sphaerolithic  "  ground-mass  of  white 
and  grey  grains. 

Nickel-iron,  containing  15*3  per  cent  of  nickeL  constitutes  3*5 
per  cent,  of  the  stone,  a  less  quantity  than  is  found  in  the  Pultusk 
meteorites ;  magnetic  pyrites  amounting  to  5*52  per  cent.,  a  larger 
proportion  than  is  met  with  in  the  Pultusk  stones,  occurs  in  grains, 
some  1  to  2  mm.  wide.  The  dark-coloured  spherules,  the  presence 
of  which  is  a  characteiistic  of  chondritic  meteorites,  are  more  distinct 
and  numerous  than  those  of  the  Pultusk  stone :  some  are  2  mm. 
wide,  and  are  easily  removed  from  the  ground-mass.  Yellowish - 
white  grains,  some  1  mm.  wide,  are  abundant,  and  here  and  there 
are  found  grains  of  chromite,  bearing  octahedral  faces. 

Viewed  in  the  microscope,  the  mass  of  the  stone  is  made  up  of 
numberless  small  white  crystalline  granules,  which  give  colour  in 
polarized  light ;  they  are  stated  by  Vom  Eath  to  be  unacted  upon  by 
acid,  and  to  consist  essentially  of  a  magnesium  silicate,  richer  in 
silica  than  olivine.     Among  other  curious  constituents  detected  by 
the  microscope  are  :  a  very  small  purple-red  crystal  bearing  faces ; 
a  number  of  bright-yellow  granules  in  distinct  crystals  ;  some  light- 
yellow  long  prism-like  forms ;    and  a  few  large  granules  0*5  mm. 
across,   of  a  translucent  red  mineral,  exhibiting  conchoidal  fracture. 
So  small  a  portion  of  the  stone  coidd  be  devoted  to  chemical  exami- 
nation that  none  of  these  substances,  nor  even  the  large  spherules, 
could  be  separately  analyzed.     The  analysis  of  the  stone  furnished, 
after  the  nickel-iron  and  meignetic  pyrites  have  been  deducted,  the 
per-centage  numbers  of  acid  and  bases,  the  oxygen  ratios  of  which  are 
1 : 1-448,  the  ratio  in  the  Pultusk  stone  being  1 :  1*507.    The  analogy 
in  composition,  in  respect  of  each  constituent,  of  two  bodies  from  so 
widely  separated  regions  of  planetary  space  is  very  striking.     Vom 
Bath  expresses  his  belief  that  **  the  siliceous  portion  of  this  meteorite, 
and  indeed  of  the  Pultusk  stone,  is  mainly  composed  of  olivine  and 
another,  a  magnesium,  silicate  richer  in  silicic  acid ;  but  whether  it 
be  enstatite  or  shepardite  (2MgO,3SiO,),  or  whether  both  silicates 
accompany  the  olivine,  cannot,  unfortunately,  be  determined." 

Apart,  however,  from  the  doubts  that  are  now  entertained  respect- 
ing the  existence  of  the  magnesium  sesquisilicate  of  Rose  as  a 
mineral   species,  the  analjticai  determinations  of  Vom  llal\i  'wW 
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not  be  found,  on  examination,  to  support  the  theory  in  qnestion.  In 
addition  to  the  composition  of  the  entire  stone,  which  is  to  be  found 
below  (I.),  he  giTes  in  his  paper  the  amounts  of  each  of  the  bases 
dissolved  in  acid  during  a  sulphur  determination  (see  II.). 

I.  Total  Silicatea.   II.  Bases  diasolved  III.  Bases  ondiasolfed 

Oxygen.  Oxygen. 


Silicic  acid 

46-37 

•  ^ 

Magnesia 

2718     ... 

11-7     4-68 

Lime       

216     ... 

0  66  016 

Iron  protoxide... 

22-66     ... 

21*2     4-71 

Alumina 

0-67     ... 

0-14 

Loss  (Soda  P}... 

1-12 

...  16-48  617 

9-66     ...  1-69  0-46  V  6-92 

...  1-86  0- 

...  0-68 


117  I 
»-80j 


100*00 


Assuming  the  bases  dissolved  to  be  those  of  an  olivine,  they  would 
require  17-90  per  cent  of  silicic  acid  to  form  51*36  per  cent,  of  an 
olivine  of  the  form  FeO,  MgO,  SiO|  (like  that  occurring  in  the  me- 
teorites of  Chateau-Henard  and  Rakova),  while  the  undissolved 
bases  with  25-95  per  cent  of  silicic  acid  form  45-45  per  cent 
of  a  nearly  pure  magnesian  enstatite.  There  now  remain  only 
2*52  per  cent  of  silica,  which,  with  the  alumina,  and  what  may 
possibly  be  potash,  give  oxygen  ratios,  pointing,  with  more  accuracy 
than  might  be  expected  in  so  small  a  residue,  to  about  4  per  cent 
of  what  may  be  a  felspar.  This  method  of  regarding  the  con- 
stitution of  the  meteorites  of  Erahenberg  and  Pultusk  has  the 
advantage  of  assuming  the  existence  in  these  stones  of  such 
meteoric  minerals  only  as  have  been  isolated  and  clearly  identified. — 
In  an  elaborate  paper  on  the  lithology  of  this  meteorite,  Weiss  states 
that  he  detected  the  presence  of  three  silicates,  and  by  a  careful  study 
of  a  fresh  surface  of  the  stone,  he  finds  that  the  grey  silicate,  which 
is  probably  enstatite,  occurs  in  three  distinct  forms.  This  is  a  point 
of  considerable  interest,  not  only  as  tending  to  confirm  the  above 
calculations,  but  from  the  fact  that  three  varieties  of  a  nearly  pure 
magnesian  enstatite  likewise  occur  in  the  Busti  aerolite. 

Keinsch  has  prepared  eighteen,  microscopic  slides  of  this  meteorite, 
and  made  very  effective  pen-and-ink  sketches  of  the  more  important 
of  them.  One  shows  a  remai-kable  eroded  spherule  of  iron ;  the 
evenly  serrated  surface  is  inclosed  in  a  metallic  shell,  or  rather  net, 
so  regular  are  the  intervals  at  which  this  covering  is  broken  through. 
Another  exhibits  spherules  traversed  by  little  dykes  or  veins  of  a 
mineral,  which  in  one  case  is  of  a  purple  colour.  Others  show 
a  beautiful  blue  mineral,  which  he  suggests  may  be  hauyne.  He 
directs  attention  to  the  presence  of  magnetic  pyrites  and  nickel-iron 
in  the  crust  of  the  meteorite,  and  contends  that,  as  these  minerals 
would  undergo  change  if  exposed  in  air  to  a  temperature  at  which 
the  silicates  forming  the  crust  fuse,  the  meteorite  must  have  been 
covered  with  a  crust  before  it  entered  our  atmosphere,  and  he 
ascribes  the  fusion  to  electrical  agency,  as  seen  in  the  perforated 
rocks  (fulgurites  ?)  of  the  Lesser  Ararat,  described  by  Abich. 
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1869,  May  20ih,  11.20  p.m.— Moriches,  Long  Island,  Suffolk  Co., 

Hew  York.* 

An  tinusnally  brilliant  meteor  was  seen  at  New  Haven,  New 
York,  Philadelphia,  Hartford,  and  many  other  places.  It  appears 
to  have  moved,  nearly  horizontally,  at  an  elevation  of  fifty  miles, 
along  a  visible  path  of  about  200  miles,  and  to  have  exploded  over 
the  Atlantic  somewhat  N.  and  E.  of  Boston.  The  time  of  flight  is 
estimated  at  five  seconds,  which  indicates  a  velocity  of  forty  miles 
per  second.  Three  minutes  after  the  passage  of  the  meteor,  "a 
terrific  sound "  was  heard  at  Moriches,  which  shook  the  house  of 
the  observer  to  the  very  foundation.  The  angular  diameter  of  the 
meteoric  body  is  estimated  to  have  been  30^,  the  distance  from 
Moriches  at  the  time  of  the  explosion,  thirty-nine  or  forty  miles, 
the  altitude  twenty-eight  miles,  and  the  actual  diameter  1843  feet. 
It  recalls  to  mind  the  celebrated  meteor  of  1783,  August  18th, 
9*30  p.m.,  which  traversed  Europe  from  N.W.  to  S.E.* 


1869,  May  22nd,  10.5  p  m.  Paris  time  (9.45  p.m.  Vannes  time).— 
Xemonve,  2  kilometres  from  ClegUtireCy  Arrondissement  de 
Hapoleonville,  Morbihan,  France.' 

A  meteor  was  seen  moving  in  the  direction  from  S.  to  N.  It  burst 
very  soon,  throwing  oflf  a  number  of  greenish- white  sparks,  which 
almost  immediately  lost  their  brilliancy,  and  in  two  and  a  lialf  or 
three  minutes  an  explosion  was  heard.  At  Vannes,  the  very  intense 
bluish-white  light,  which  lasted  for  some  seconds,  resembled  that 
of  burning  magnesium.  The  stone  penetrated  the  soil  of  a  meadow 
to  the  depth  of  one  metre,  and  was  quite  covered  by  the  loose  earth 
thrown  up  by  the  shock ;  when  exhumed  it  was  broken  up  by  the 
peasants.  A  young  girl,  distant  only  a  few  metres,  was  the  sole 
witness  of  the  fall ;  the  leaves  and  ends  of  the  branches  of  some 
trees  close  at  hand  bore  marks  of  having  been  scorched.  The  stone, 
when  perfect,  probably  weighed  about  80  kilogrammes,  and  was  of 
a  conical  form ;  the  crust  is  of  two  kinds :  an  outer  black  enamel 
rugose  and  blistered,  and  an  inner  simple  coat  of  glaze ;  in  some 
places  grains  of  iron  projected  through  both  crusts.  The  interior  is 
a  dark  grey  colour,  and  is  very  compact  and  grtmular.  The  iron  is 
disseminated  in  very  brilliant  grains ;  here  in  veins  some  centi- 
metres long,  there  in  masses  several  millimetres  in  diameter.  The 
magnetic  pyrites  (troilite  ?)  occurs  but  rarely  in  veins,  sometimes  in 
masses  3  centim.  long,  and  2  millim.  broad.  Occasionally  grains  of 
an  enstatite  or  felspar  are  seen.     In  texture  this  stone  bears  a  great 

*  E   Looniis.    Amer.  Jour.  Sc,  1869,  xlviii.  145, 

«  May  20th-22nd,  appears  at  the  present  time  to  be  a  period  during  which 
roeteorio  talis  may  be  looked  for.  During  the  last  six  years  the  folio wiug  five  falls 
have  occurred  : 

1868,  May  22nd,      Slavetic,  Croatia. 

1869,  May  20th,       MorichLS,  New  York. 
1869,  May  22nd,      Cle^'uerec,  France. 
1871,  May2l9t,        Searsmont,  Maine. 
1874,  Majr  20th,       Virha,  Turkey. 

*  De  Limur.    Compt,  refid.,  Ixviu.  1338. — F.Pisani.    Compt.  rend.y  IxYiii.  l\ft^% 
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resemblance  to  the  aerolites  of  Paltask  (SOth  January,  1868).    The 

density  of  the  meteorite  is  3*747 ;   it  gelatinizes  with  acid,  giving 

ofif  hydrogen-sulphide.     Pisani  states  that  the  iron  sulphide  is  not 

attracted  by  the  magnet ;  he  has,  however,  given  it  in  the  form  of 

magnetic  pyrites  in  Uie  following  total  composition  of  the  stone : 

Niokel-iron    20*60 

Magnetic  p^tes  (P)      ...    6*46 

Dissolved  ailicate ...  34*60 

UndissoWed  silicate 40-22 


100-77 


ThMiickel-iron  is  composed  of: 

Iron  ^  92  44        Nickel  «  7-56  «  100*00 

and  the  silicates  of : 

SiO,    Al,Os    FeO     MgO    CaO    Na,0 

A.  Soluble    ...    29-04    2-98    22-81     42-95    1-86     1-36  «=  10000 

B.  Insoluble,..    56-94    537      9-89    21*93    3*58    2-34  « 100*00 

1869,  September  IWii,  9  p.m. — ^liabe,  near  Pandangan, 
Bodgo-Hegoro,  in  Beisidence  Sembang,  Java.^ 

A  meteor,  the  brilliancy  of  which  is  stated  to  have  surpassed  that 
of  the  moon,  was  seen  about  nine  in  the  evening  to  move  in  a  north- 
easterly dii-ection  over  the  village  of  Tjabe.  It  was  observed  at 
Pandangan,  the  chief  place  of  the  district,  as  well  as  at  Bodgo-Negoro, 
chief  town  of  the  division,  Iving  east  of  Pandangan.  At  the  same 
time  a  meteorite  fell  at  Tjabe,  at  a  distance  of  about  twenty  metres 
from  the  house  of  a  native  named  Sokromo.  The  sound  following 
the  appearance  of  the  meteor  is  described  as  an  explosion,  as  loud  as 
that  of  a  cannon,  followed  by  a  noise  resembling  that  caused  by  a 
carriage  crossing  a  bridge;  this  lasted  some  time.  The  villagers 
sought  in  vain  for  the  spot  where  the  meteorite  fell ;  at  six  o'clock 
next  morning,  however,  it  was  found  at  the  place  already  mentioned, 
at  a  depth  of  two  feet  in  soil  which  had  been  hardened  with  a  long 
drought.  According  to  the  report  drawn  up  by  the  President  of 
Eembang,  it  was  remarked  by  the  villagers  that  the  aerolite,  when 
found,  was  still  so  hot  that  it  could  not  be  touched  with  the  hand. 
This  statement,  however,  must  be  received  with  caution. 

This  stone,  the  only  one  found,  weighed  about  20  kilogrammes.  It 
is  covered  with  a  dull  greyish  black  crust,  0*5  mm.  in  thickness; 
the  fresh  fracture  is  dark  grey,  and  exhibits  a  number  of  brilliant 
points :  here  and  there  brilliant  plates  1  mm.  square  are  met  with, 
as  well  as  a  small  number  of  very  dark,  almost  black,  grains  of 
spherical  form,  with  a  diameter  of  about  2  mm.  The  mass  of  the 
stone  is  coaroely  granular,  and  is  so  veiy  hard  tliat  portions  are  only 
detached  with  a  hammer  with  great  difficulty. 

The  specific  gravity  of  the  metallic  portion  is  6*8 ;  the  magnet 
removed  14  per  cent  constituents,  which  consist  of  two  alloys  of 
nickel-iron,  containing  respectively  6-2  and  12*5  per  cent,  of  nickel ; 
in  one  portion  of  the  stone  was  found  6*17  per  cent,  of  troilite.  The 
density  of  the  stone  is  3*695. 

*  E.  H.  von  Baunihauer.  Archivee  Xeerlandaitea^  yi.  No.  4  (1871). — G.  A. 
Daubree.     Compt,  rettd.f  1871)  16th  December. 
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The  analyses  of  the  rocky  portion  yielded  the  following  results : — 

SiO,.   AljO,.   FeO.    MnO.  MgO.   CaO.  NajO.  KjO.  Chromite. 
\,8oMie   ...  34-72    070    26*14    0-66    36-70     161     0  48  Trace    —=100  00 
^.TmsoitMe...  60-83     4*74     12-92     0-60     14-14     8-30     1*53     0'82     112  =  10000 

The  soluble  siliceous  portion,  forming  45*94  per  cent,  of  the  non- 
metallic  part  of  the  aerolite,  consists  of  an  olivine  in  which  the 
oxygen  ratios  of  FeO  and  MgO  are  as  2 : 5.  As  in  most  analyses 
of  meteorites,  where  the  separation  of  the  silicate  of  the  form 
2BO,SiOt  is  attempted  to  be  effected  by  means  of  acid,  the  silica  in  A, 
the  soluble  portion,  is  insufficient  to  form  an  olivine.  The  silica  of 
B,  the  insoluble  portion,  on  the  other  hand,  is  not  only  present  in 
ample  quantity,  to  make  good  what  is  wanting  in  A,  and  to  supply 
the  silicates  of  the  form  RO,SiO|,  but  is  in  sufficient  excess  to  lead 
Baumhauer  to  assume  the  presence  of  a  bisilicate  in  the  insoluble 
portion.  If,  however,  the  requisite  amounts  of  silica  be  apportioned 
to  the  protoxides  of  iron,  manganese,  magnesium,  and  calcium  of  A 
and  B,  to  form  the  respective  silicates,  there  remain  in  the  insoluble 
portion  the  following  constituents,  the  oxygen  ratios  of  which,  as 
will  be  seen  below,  do  not  differ  widely  from  those  of  an  albite  or 
orthoclase : 

8i02=6-326;  Al20=M3;  K20=0*16;  Na^^^O-SO. 
Baumhauer  traces  a  resemblance,  in  point  of  composition,  between 
the  aerolites  of  Tjabe  and  Mezo-Madaraz  (4th  September,  1852),  by 
comparing  his  results  with  those  published  by  Atkinson,*  who 
analysed  the  latter  stone  in  Wohler's  laboratory.  About  the  time  of 
the  publication  of  this  paper  of  Baumhauer's  (1871),  Rammelsberg' 
anaonnced  the  result  (see  infra)  of  his  examination  of  the  Mezci- 
Madaraz  stone,  which  differs  very  considerably  from  those  arrived 
at  in  the  earlier  analysis ;  where,  in  the  insoluble  portion  of  the 
Mezo-Madaraz  stone,  Atkin8(m  found  no  iron  protoxide,  Rammolsberg 
finds  13*27  per  cent.  It  will  suffice  in  this  place  to  mention  that 
the  later  analysis  of  the  Transylvanian  aerolite  does  not  indicate 
the  presence  of  an  excess  of  silica,  and  yields  numbers  which  point 
to  the  presence  of  an  olivine,  like  that  found  in  the  meteorites  of 
Hainholz  (1856)  and  Shergotty  (25th  August,  18G5),  and  of  bronzite 
resembling  that  occurring  in  the  aerolite  of  Chantonnay  (5th  August, 
1812). 

1889,  October  6th,  11.40-45  a.m.— Stewart  County,  Georgia.' 

When  this  stone  fell,  the  sky  was  somewhat  hazy,  but  there  was 
no  cloud.  An  observer  at  Bladen's  Creek  heard  a  roarinpf  rushing 
w)und  in  a  north-westerly  direction  ;  in  a  moment  it  appeared  to  bo 
<lirectly  westward ;  then  a  loud  explosion,  followed  by  six  other 
rt'iK^rts,  occurred.  After  these  explosions  a  peculiar  whizzing  sound 
^vas  heard,  produced  apparently  by  some  large  irregular  body 
nifAing  rapidly  away,  while  a  smaller  one  passed  to  the  south-west 
with  such  a  noise  as  is  caused  by  a  flying   fragment  of  a  shell. 

^  E.  Atkinson.     Jour.  Prakt.  Chem.,  1856,  357.     Phil.  Mag.  xi.  141. 
'  r.  Kammelsberjr.     Zeit.  Deutach.  Geol.  GentUsch.,  1871,  734. 
'  J.  E.  Willet  and  J.  L.  Bmith.  uimer.  Jour.  Sc.  1.  335,  and  339. 
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Tliis  piece,  it  was  found,  descendecl  about  two  miles  and  a  half  from 
the  point  where  the  explosion  occurred ;  it  weighs  about  12^  ounces. 
Two  men,  who  were  lookinpj  in  the  direction  of  the  explosions  at  the 
time  they  took  place,  8t«^te  that  tliey  saw  a  quantity  of  vapour  much 
like  a  volume  of  steam  escaping  from  an  engine-pipe,  which  was 
violently  agitated,  and  inci-eased  in  bulk  after  each  report,  but  dis- 
appeared Roon  after  the  last  of  them.  Some  labourers  close  at  liand 
saw  directly  after  the  explosions  something  like  a  thin  cloud  cast  its 
shadow  over  the  field  in  which  they  were.  The  stone,  already 
alluded  to,  and  which  was  seen  to  strike  the  ground  by  two  negroes 
who  happened  to  be  at  work  about  twenty  paces  distant,  appears  to 
have  come  from  tbe^  north-west,  at  an  angle  of  about  30^  with  the 
horizon  ;  it  passed  to  a  depth  of  ten  inches  into  the  soil.  It  has  an 
irregular,  seven -sided  form,  the  longest  side  being  about  2f  inches 
long,  and  is  covered  with  a  black  crust.  The  specific  gravity  is  3*65. 
Tlie  explosion  appears  to  have  been  heard  over  a  region  aboat  30 
miles  N.E.  and  S.W.  and  60  or  60  miles  N.W.  and  S.E. 

The  fractured  surface  has  a  greyish  aspect,  and  exhibits  numerous 
greenish  spherules,  with  white  granular  interstitial  matter,  and  ooca- 
Bional  particles  of  nickel-iron,  troilite,  or  chromite.  The  nodules  are 
sometimes  more  than  3  mm.  in  diameter,  with  an  imperfect  fibrous 
crystalline  structure,  the  radiation  usually  commencing  from  one  side 
of  the  spherule  ;  they  are  more  or  less  opaque,  and  of  a  dull,  bottle- 
green  colour,  with  a  hardness  of  about  6.  Analysis  of  this  selected 
mineral  gave  the  following  results : — 

Oxygon  Ratios. 

Silicic  acid    ...     48  62     ...     29-9    )  n^.^q 

Alumina       ...       806     ...       3  79  K*' '**' 

Iron  protoxide      11*21     ...       2-61  )  , ..«, 

Magnesia      ...     30-18     ...     1180  J  ^*  '*^ 

98-06 
Tlie  formula  of  this  mineral,  with  a  portion  of  the  silica  replaced 
by  alumina,  a  not  unfrequent  occurrence  in  minerals  like  hornblende, 
hypersthene,  etc.,  is  therefore  RO,SiOj  and  it  is  probably  a  bronzite. 
The  nickel-iron  has  the  composition  : 

Iron  =  86-92;  Nickel  =  12*01;   Cobalt  =  0*76         =  100 
and  that  of  the  rocky  portion  is  as  follows  : 

SiOj.    AI2O3.     FeO.      MgO.     CaO.    Na^O. 

A.  Solubh        4108       0*32       18*45       41*06       —         —  =100*91 

B.  Insoluble      56*03      5*89       16*21       2101       0*10      2*97  =101-21 

The  author  deduces  the  following  for  the  composition  of  the 
stone : 

A^  ICKCl  — liOU         ...         ...         ...         ..a         ...         ...         ...         ...         ...         ...  f   Af 

Magnetic  pyrites 6*1 

Biouzite,  olivine,  albite,  or  oligoclasc,  and  cbromite 86*9 

100*0 

1859,  HTovember  6th,  7  p.m.— Fawley,  near  Southampton.* 

The  correspondent  observed  two  meteors  within  a  few  minutes  of 
seven  o'clock  on  the  evening  of  that  day,  which  was  a  Saturday,  and 

1  A.  T.  Smith.     JA#  Stundard,  NoYeinber,  1869. 
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on  the  following  Wednesday  discovered  a  *  meteorite '  which  weighed 
more  than  1  lb.  avoirdupois.  "  It  had  not  penetrated  the  ground 
more  than  half  an  inch."  From  the  description  of  what  he  fdund,  it 
appears  that  he  picked  up  a  nodule  of  marcasite,  which  had  probably 
been  left  exposed  on  the  surface  after  heavy  rain  had  washed  away 
the  surrounding  soil. 

1868,  December  25th.— Murzok,  Fezzan  [Lat.  26°  H. ;  Long.  12  E. 

of  Paris]. » 

The  letter  of  M.  Coumbray,  communicated  to  the  Geological 
Society  by  Mr.  R.  H.  Scott,  announced  the  fall  of  an  aerolite,  or 
bolide,  at  Murznk,  in  the  presence  of  a  group  of  Arabs.  The  bolide 
on  falling  is  described  as  having  ''exploded  with  a  sound  resembling 
pistol  shots  and  a  strong  odour."  The  intelligence  was  communicated 
to  tiie  Vienna  Academy  by  Haidinger,  and  to  the  Berlin  Academy  by 
Dove ;  and  Mr.  Greg,  in  the  British  Association  Report,  states  that 
it  fell  on  the  26th  December,  and  that  it  weighed  6000  lbs. 

It  appears  highly  probable,  however,  from  a  statement  laid  before 
the  Berlin  Academy  by  G.  Rose'  at  a  more  recent  date,  that  no 
meteoric  fall  took  place.  According  to  letters  received  from  the 
Austrian  Consul  at  Tripoli  and  Hag  Ibraim  Ben  Alua,  Shiek  of 
Murzuk,  a  corporal,  who  was  on  guard  at  the  gate  of  the  town  on 
the  night  of  the  25th,  heiird  a  series  of  explosions,  like  the  discharge 
of  nine  muskets.  Hearing  the  alarm,  the  officer  collected  five  men, 
and,  sallying  forth,  they  met  a  man,  who  stated  that  the  noise  was  not 
the  report  of  guns,  but  the  explosion  of  a  meteor,  which  burst  in  the 
direction  of  a  little  village  called  Namus.  The  writers  of  the  letters 
were  of  opinion  that  no  meteorito  had  been  found. 

Meteoric  Iron.    Found  in  1869  or  1870. — Shingle  Springs, 

Eldorado  County,  California.^ 

This  mass,  said  to  be  the  first  discovered  in  California,  was  rescued 
in  1871  from  the  forge  of  a  smith,  who  found  it  in  a  field  near  Shingle 
Springs.  It  weighed  about  85  lbs.,  and  its  largest  dimensions  were 
2i  and  29  cm.  It  is  very  homogeneous,  only  two  small  masses  of 
pyrites  (troilite  ?)  being  visible  on  one  of  the  sides.  The  crust  to  a 
depth  of  from  4  to  5  cm.  is  remarkably  hard.  The  density  7'87o 
(that  of  some  pieces  removed  by  the  planing  tool  being  8*024)  is 
al>ove  the  average  density  of  meteoric  iron,  and  this  is  most  probably 
due  to  the  presence  of  an  unusually  large  proportion,  more  than 
17  per  cent,  of  nickel,  as  the  subjoined  analysis  indicates. 


Iron 

81-480 

Carbon 

0-071 

Nickel 

17173 

Silicium    ... 

0032 

Cobalt 

0-604 

Phosphorus 

0-308 

Aluininium 

0  088 

Sulphur 

0-012 

Clironiium 

0  0-20 

Potasbium 

0-026 

MugncBium 

0  010 

Calcium 

0-1G3 

99-987 

»  M.  Coumbray,  Jour,  Gcol.  Soc,  xxvi.  415.  Geol.  Mao.,  VII.  236.-1^.  P. 
Greg.  JUp.  lliit,  Ah»oc.  1871. — Bnlltt.  Mcteorologico^  ix.  4. — G.  Rose.  MonaUber, 
Berlin  Ak.,  November,  1870. — G.  Tsohorraak.  Sttz,  Wim,  Ah.  June,  1870. 

*  G.  Hose.     Momtttber,  Berlin  Ak.^  1871,  804. 

*  B.  Silliman.    Amcr.  Jqw,  Sc,  [3]  vi,  18,  -" 


NiokeL 

ColMilt 

TotaL 

1710 

2-04 

19*14  per  cent 

14-62— 1602 

0-43— 0-60 

~"        » 

1609 

2*56 

17-65     „ 
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Another  remarkable  feature  of  this  iron  is  the  obscure  characters 
of  its  crystalline  structure :  when  etched,  the  acid  discloses  a  confused 
granular  surface,  exhibiting  under  a  lens  a  reticulated  structure  with 
numerous  brilliant  points  and  Y-shaped  lines.  The  Eldorado  iron 
resembles  that  of  the  Cape  of  Good  Hope,  analyzed  by  Uriooechea, 
in  the  absence  of  Widmannstattian  figures  and  in  the  presence  of  a 
large  per-centage  of  nickeL 

The  meteoric  irons  which  contain  most  nickel  (and  cobalt)  are : 

Grenville,  Tenn 

Tazewell  Co.,  Tenn.    ... 
Cape  of  Good  Hope     ... 

Few  analyses  ha^e  detected  more  than  10  per  cent  of  nickel  in  an 
iron,  and  the  average  amount  of  this  metal  in  eighty  analyses  com- 
pared by  Silliman  is  not  above  7-25  per  cent. 

This  is  not  the  earliest  notice  of  the  Eldorado  iron.  In  June,  1872, 
Shepard^  published  a  short  note  on  it  in  the  same  journal.  He 
determined  the  specific  gravity  to  be  7-80,  and  found  only  8-88  per 
cent,  of  nickel,  as  well  as  3*5  per  cent  ''insoluble,  consisting  of  a 
mixture  of  IPejO^  and  FeO,  with  minute  silvery  particles  of  supposed 
phosphor-metals."    The  examination  was  evidently  an  imperfect  one. 

Meteoric  Irons  fonnd  in  1869. — Stannton,  Augusta  Co.,  Virginia.* 

This  is  the  fourth  recorded  instance  of  meteorites  having  been 
found  in  the  State  of  Virginia.  Three  masses  of  meteoric  iron  have 
recently  been  met  with :  No.  1,  weighing  56  lbs.,  was  turned  up  by 
a  plough,  five  miles  somewhat  E.  of  N.  from  Staunton,  in  lat.  38"  14' 
N.,  and  long.  79°  1'  W. ;  No.  2  weighs  36  lbs.,  and  was  met  with 
one  mile  S.E.  of  No.  1 ;  and  No.  3,  which  weighs  3^  lbs.,  was  found 
half  a  mile  still  further  S.E. 

They  were  covered  with  a  dark  brown  crust  -J^  to  J  in.  thick ;  on 
exposure  to  moist  air,  a  liquid,  containing  iron,  nickel,  and  chloiine, 
exuded  from  many  parts  of  the  surface.  This  iron,  which  exhibits 
feeble  magnetic  polarity,  and  has  a  specific  gravity  of  7*83  to  7*85, 
is  compact  and  highly  crystalline,  and  contains  occasional  grains  of 
troilite.  Traces  of  Widmannstattian  figures  can  be  detected  even 
without  acid ;  but  this  reagent  developes  them  in  great  beauty,  and 
with  considerable  resemblance  to  those  of  the  Lenarto  and  certain 
Mexican  specimens.  The  irons  were  cut  so  as  to  give  different 
projections  of  the  same  crystalline  structures ;  in  No.  1  the  bands  of 
iron  and  schreibersite  intersect  at  120°  and  60°,  in  No.  2  they  ap- 
proach 90°,  and  in  No.  3  are  at  about  60°. 

ITie  author  states  that  by  prolonged  action  of  acid,  white,  pliant, 
and  strongly  magnetic  laniinaB  of  schreibersite  are  brought  to  view. 
He  does  not  appear  to  have  analyzed  them,  and  to  judge  from  obser- 
vations made  on  other  irons,  I  consider  it  highly  probable  that  tlie 


1^ 


*  C.  U.  Shepard.    Amer.  Jour.  Sc.^  [3]  iii.  438. 

'  J.  W.  Mallet.    Amer.  Jour,  Se.^  [3]  U.  10;  Srit.  A»*oe.  Report  (Brighton), 
872,  77;  I*roe.  Moyal.  Soe,  xx.  366;  rogff.  Ann.  cxlvii.  134. 
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plates  are  not  schreibersite,  which  is  very  brittle,  bat  an  alloy  free 
from  phosphorus,  and  containing  about  one-third  its  weight  of 
nickeL     The  three  masses  gave  on  analysis  the  following  results : 


Iron 

Nickel 

Cobalt 

Copper 

Tin 

Manganese 

Carbon  ... 

Phoffphoms 

Snlpnur 

Silica    . .. 

Chlorine 


No.  1. 

No.  2. 

No.  3. 

88706 

88-365 

89007 

10-163 

10-242 

9-964 

0-396 

0-428 

0-387 

0-003 

0-004 

0003 

0-002 

0-002 

0003 

trace. 

trace. 

0  172 

0185 

0122 

0-341 

0-362 

0-375 

0-019 

0-008 

0026 

0-067 

0061 

0056 

0003 

0-002 

0-004 

99-872        99-659        99-947 


The  chlorine  is  not  of  meteoric  origin;  a  solid  piece  of  No.  1, 
weighing  50  grammes,  and  quite  free  from  flaws  or  Assures,  con- 
tained  no  chlorine  whatever.  Some  portion  of  the  siliceous  residue 
from  the  action  of  the  acid  probably  consists  of  silicide  of  iron; 
when  magnified  500  diameters,  and  examined  by  polarized  light,  it 
\a  found  to  consist  of  an  amorphous  powder,  and  rounded  transparent 
fipiuns  of  0*0025  to  0*0100  mm.  diameter,  and  with  well-marked 
doubly  refracting  characters.^  The  three  masses  are,  beyond  ques- 
tion, portions  of  a  single  fall. 

Pieces  of  this  iron  have  been  forged.  One,  which  was  hammered 
cold,  could  be  beaten  into  any  desired  shape  ;  a  second,  which  had 
been  exposed  to  a  red  heat  in  vacuo,  could  only  be  forged  in  tlie  cold 
with  much  diflSculty ;  while  a  third  piece  that  had  been  subjected 
to  a  white  heat  could  not  be  forged  at  all,  and  crumbled  under  the 
hammer  when  reheated.  Mallet  is  of  opinion  that  the  brittleness 
arose  from  the  melting  out  of  the  phosphide,  "  leaving  the  iron 
porous.*'  As  the  amount  of  phosphorus  present  was  but  small,  and 
did  not  exceed  one  per  cent.,  it  may  have  rendered  some  portion  of 
the  iron,  "  cold  short." 

The  gases  occluded  by  this  iron  were  collected  by  Mallet  and 
analyzed.  The  material  consisted  of  some  turnings  and  a  solid  piece 
of  the  metal.  The  cutting  apparatus  employed  to  reduce  them  to 
the  requisite  size  was  heated  to  a  red  heat,  and  quenched  in  water, 
to  remove  all  traces  of  oily  matter.  Graham  extracted  from  the 
Lenarto  iron  2*85  times  its  volume  of  gas ;  Mallet  obtained  3*17 
volumes  from  his  specimen.  The  latter  was  heated  during  four- 
teen and  a  half  hours  at  a  red  heat,  and  then  to  an  incipient  white 
heat.  During  the  first  two  and  a  half  hours  52  per  cent.  (I.)  of  the 
entire  gas  was  removed  ;  in  the  next  2  hours  20  minutes,  24  per  cent. ; 
(II.),  and  in  the  remaining  nine  and  a  half  hours,  24  per  cent.  (III.). 
Below  are   given   for  comparison   the  composition   of  these  three 

*  The  residue  left  on  treating  the  Tuczon  iron  ^ith  acid  appears  to  have  borne  a 
great  resemblance  to  this  substance.  Compare  with  the  description  given  in  Buchner's 
Meteor  Hen  f  p.  183. 
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quantities  as  well  as  that  of  the  gas  occluded  in  the  Lenarto  iron  afeid 

that  of  manufactured  iron : 


Virginia  Iron. 

Lenarto 
1     Iron. 
I 
86-68 
4-46 

9-86 

SluMJag 
Null. 

85-0 
50 -s 

7-7 
7-0 

Hydrogen    

Carbonic  oxide   

Carbonic  acid      

Nitrogen      

I. 

2212 

16-99 

7-85 

6-06 

II. 

10-62 

11-12 

1-02 

1-46 

III. 
319 
11-22 
0-8S 
8-68 

Total. 
36-83 
38-33 
9-76 
16-09 

62-02 

24  11 

23-87 

100-00 

100-00    ■ 

100  0 

These  results  unfortunately  do  not  admit  of  very  exact  comparison, 
as  only  a  portion  of  the  gas  extracted  from  the  Lenarto  iron  was 
quantitatively  examined.  Although  the  relative  quantity  of  hydrogen 
in  the  Augusta  iron  is  much  less  tiian  in  the  Lenarto  iron,  it  amounts 
to  1*4  times  the  volume  of  the  iron,  while  manufactured  iron  under 
ordinary  pressure  takes  up  only  0-42  to  0-46  of  ita  volume  of  this 
gas.  ]\Iallet's  results  have  shown  that  Graham's  view,  that  the  pre- 
dominance of  carhonic  oxide  among  the  occluded  gases  is  indicative 
of  telhiric  origin,  is  no  longer  tenahle.  In  connexion  with  these 
differences  in  composition  of  the  gases  constituents  of  meteorites,  it  is 
interesting  to  notice  that  the  observations  of  Secchi  and  Huggins  have 
shown  that  carbon  plays  an  important  part  in  certain  cosmioal 
regions,  although  the  spectroscopic  evidence  in  the  case  of  this 
element  is  as  yet  less  definite  than  it  is  in  regard  to  hydrogen. 

1869  (and  1871).    Trenton,  Washington  Co.,  Wiseonsin.^ 

An  additional  fragment  of  this  meteorite,  weighing  16 J  lbs.,  was 

found  in  18G9;  and  another,  weighing  35  lbs.,  was  dug  up  in  1871. 

All  the  six  fragments  (143  lbs.)  now  collected  were  found  in  the 

same  field. 

(To  he  continued  in  our  next  Number.) 


III. — Descriptions  of  New  Species  op   Ctstibutllum  from  the 

Devonian  Rocks  of  North  Ahbriga. 

By  II.  Allktkb  Nicholson,  M.D.,  D.Sc,  F.R.S.E., 
Professor  of  Biology  in  the  College  of  Physical  Science,  Newcastle-on-Tyne.* 

(PLATE  I.) 

NO  less  than  seven  species  of  CyBttphyllum  have  already  been 
recorded  as  occurring  in  the  Devonian  Rocks  of  Nortli  America  ; 
viz.  C.  vesiculosuniy  Goldf.,  C.  Senecaense,  Billings,  C.  grande, 
Billings,  C.  sulcatunif  Billings,  C.  Amerir.anum,  Edw.  and  Haime«  C. 
aggregatum,  Billings,  and  C,  mundulumf  Hall.  To  these  I  have  now  to 
add  the  following  four  species,  all  of  which  have  been  obtained  by 
me  from  the  Devonian  Formation  of  Canada  and  Ohio. 

^  J.  L.  Smith.    Mineralogy  and  Chtmiatry^  348. — J.  A.  Lapham.  Am,  Jour.  Sc.^ 
[31  iii.  69. 
^  Bead  before  the  Britiih  Association,  Section  C,  Belfast,  1874. 
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Gtstiphtllum  Ohioshss,  Kicholion.    Fl.  I.  Figs.  2,  2a. 

Spec,  char,  —  Corallura  small,  turbinate,  simple,  sometimes 
iwisted,  but  usually  straight,  or  slightly  curved.  Length  of  corallum 
isually  about  six  lines,  varying  from  four  to  nine  lines ;  the  calice 
varying  in  diameter  from  four  to  six  lines.  Epitheca  distinct,  marked 
with  longitudinal  striae,  and  usually  showing  well-marked  annula- 
lions  and  constrictions  of  growth.  No  calicular  gemmation,  nor 
radiciform  prolongations  of  the  epitheca.  Calice  not  oblique,  very 
deep,  generally  occupying  from  one-third  to  two-thirds  of  the  entire 
length  of  the  corallum,  not  flattened  below.  The  interior  of  the 
calice  shows  more  or  less  distinct  septal  striae,  thirty  or  more  in 
nmnber.     Vesicles  of  the  interior  small. 

The  dimensions  of  an  average  specimen  are :  length,  eight  lines  ; 
diameter  of  calice.  six  lines  ;  depth  of  calice,  four  lines  and  a  half. 

This  pretty  little  species  is  readily  distinguished  from  all  others 
previously  described,  although  the  specimens  upon  which  it  is  founded 
are  much  silicified,  and  do  not  exhibit  some  points  of  structure  as 
well  as  could  be  desired.  The  species  is  characterized  by  its  uni- 
formly small  size,  its  deep,  pointed,  and  not  oblique  calice,  the 
presence  of  distinct  septal  striae,  and  the  absence  of  radiciform  pro- 
longations of  the  epitheca.  It  is  most  nearly  allied  to  C,  mnndulumf 
Hall,  from  the  Devonian  of  Rockford,  Iowa  (Twenty-third  Annual 
Report  on  the  State  Cabinet,  1874),  but  is  distinguished  by  its 
smaller  size,  the  smaller  number  of  its  septa,  and  its  much  deeper 
and  more  pointed  calice. 

Locality  and  Formation, — Common  in  the  Comiferous  Limestone, 
Columbus,  Ohio. 

Ctstiphtllum  squamosum,  Nicholson.     Plate  I.  Figs.  4,  4«,  ib. 

Spec.  char.  —  Corallum  sinnple,  turbinate,  but  extraordinarily 
flattened.  Dorsal  surface  greatly  expanded,  nearly  or  quite  flat ; 
lateral  margins  straight,  and  forming  an  angle  with  the  curved 
central  surface,  which  is  much  reduced  in  size.  Calice  extra- 
ordinarily oblique,  making  an  angle  with  the  dorsal  surface  of  not 
niore  than  10°  or  12^,  very  shallow  and  widely  open,  its  deepest 
point  being  situated  at  a  point  about  one-third  of  the  length  above 
the  base.  Vesicles  of  the  interior  about  one  line  in  diameter. 
Owing  to  the  fact  that  all  the  exam])les  of  this  coral  which  have 
Wn  examined  are  converted  into  orbicular  silica,  the  characters  of 
the  septal  striae  and  epitheca  cannot  be  determined.  Some  speci- 
mens exhibit  the  same  form  of  calicular  gemmation  as  is  seen  in 
0'  vesiculosHniy — that  is  to  sa}',  the  coral  continues  growing  for  a 
certain  period,  and  then  sends  up  a  fresh  calice  from  the  centre  of  the 
old  one.  In  this  species,  however,  the  new  calice,  instead  of  being 
continued  in  the  axis  of  the  coral,  is  directed  more  or  less  nearly  at 
riglit  angles  to  the  plane  of  the  old  calice. 

The  dimensions  of  the  largest  individual  observed  are  as  follows  : 
Length,  measured  along  the  dorsal  surface,  twenty-four  lines;  length, 
measured  along  the  ventral  surface,  seven  lines ;  greatest  thickness, 
seven  lines ;  diameter  of  calice,  twenty -one  lines  ;  greatest  depth  of     ^ 
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calice,  six  lines.  In  the  smallest  individual  observed  the  dimensions 
are :  Length,  measured  along  the  dorsal  surfaooi  thirteen  lines ; 
length,  along  the  ventral  surface,  four  lines ;  greatest  thickness,  four 
lines ;  diameter  of  calice,  ten  lines ;  greatest  depth  of  calioe,  two  lines. 

This  wonderful  species  is  readily  distinguished  by  its  extra- 
ordinarily flattened  and  scale-like  form,  due  to  the  extreme  obliquity 
and  shallowness  of  tlie  calice,  the  flattening  of  the  dorsal  surface, 
and  the  almost  total  disappearance  of  the  lateral  surfaces.  No  other 
species  of  the  genus  known  to  me  even  approaches  C,  squamosum  in 
these  characters,  and  these  are,  therefore,  of  themselves  sufficient  to 
characterize  the  species.  All  the  specimens  I  have  seen  are  covered 
with  remarkably  large  and  fine  "  Beekite-markings,"  and  the  more 
minute  characters  of  the  coral  are  thereby  entirely  obscured. 

Locality  and  Formation, — Comiferous  Limestone,  Columbus,  Ohio. 

Ctstiphtllvm  FKUTIC08DM,  Nicholson.    Plate  I.  Figs.  3,  Za, 

Spec.  char. — Corallum  aggregate,  composed  of  numerous  cylin- 
drical, straight  or  slightly  flexuous  corallites,  growing  side  by  side, 
but  not  connected  by  epithecal  processes  or  expansions,  and  often 
forming  colonies  of  several  feet  in  circumference.  Corallites  about 
three  lines  in  diameter,  or  rather  less,  and  placed  usually  at  intervals 
apart  of  two  lines,  less  or  more.  Epitheca  thin  but  distinct,  marked 
with  very  nuruerous  fine  encircling  striaB  and  fainter  vertical  striae, 
as  well  as  with  irregular  annulations  and  constrictions  of  growth. 
Calice  moderately  excavated,  from  one  and  a  half  to  two  lines  in 
depth,  exhibiting  numerous  buUsB,  sometimes  with  septal  strio)  near 
the  margin.  Internal  structure  wholly  vesicular,  the  vesicles  having 
a  diameter  of  from  half  a  line  to  nearly  one  line. 

With  the  exception  of  the  present  very  remarkable  form,  and  the 
equally  singular  C.  aggregatum  of  Billings,  all  the  species  of 
Cystiphyllum  are  simple.  Its  compound  character  is,  therefore, 
of  itself  sufficient  to  distinguish  C.  fruticosum  from  all  the  hitherto 
recorded  species  of  Cystiphyllum  except  C.  aggregatum,  and  from 
this  it  is  separated  by  its  wholly  different  form  and  mode  of  growth. 
In  its  general  appearance  C.  fruticosum  presents  the  closest  possible 
resemblance  to  Diphyphyllum  arundinaceum,  Billings,  with  which 
it  not  uncommonly  occurs  associated;  but  its  internal  structure 
separates  it  at  once,  and  shows  it  to  be  a  genuine  Cystiphyllum. 

Locality  and  Formation. — Not  uncommon  in  the  Comiforous  Lime- 
stone of  the  Townships  of  Waiufleet  and  Walpole,  Ontario. 
Cystiphyllum  superbum,  Nicholson.    Plate  I.  Fig.  1. 

Corallum  of  large  size,  simple,  turbinate,  very  broadly  expanding. 
Calice  extremely  large,  circular,  moderately  deep,  and  very  oblique, 
making  an  angle  of  about  50**  with  the  dorsal  surface  of  the  corallum, 
and  one  of  about  150°  with  the  ventral  surface.  The  septa  are 
marked  by  distinct  rows  of  bullte  or  vesicles,  which  radiate  from 
the  bottom  of  the  cup,  and  are  not  less  than  one  hundred  and  forty 
to  one  hundred  and  fifty  in  number.  The  vesicles  are  small,  not 
exceeding  half  a  line  in  diameter  in  the  circumferential  portion  of 
the  coral.     Epitheca  well  developed,  with  numerous  fine  encircling 
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and  annulatioDB  .of  growth.  Owing  to  the  ohliquity  of  the 
OAlioe»  the  dorsal  surface  of  the  coralliim  is  nearly  twice  as  long 
9M  the  opposite  or  ventral  surface;  and  the  greatest  thickness  is 
•ttained  at  a  point  situated  about  three  inches  above  the  base,  or  at 
Ikboat  one-half  of  the  total  length.  The  only  individual  observed 
had  the  following  dimensions:  Length  measured  along  the  dorsal 
siirfaoe,  six  inches;  along  the  ventral  suiface,  three  inches  and  a 
halfl  Greatest  thickness,  at  three  inches  above  the  base,  about  three 
inchee  and  a  half.  Diameter  of  calice,  four  inches  and  a  half; 
depth  of  calico  about  one  inch. 

This  fine  species  is  most  nearly  allied  to  C.  veatcuIoBum,  Goldfuss ; 
but  it  is  distinguished  from  this  and  all  other  recorded  species  of 
the  genus,  by  its  comparatively  gigantic  dimensions,  its  very  rapid 
expansion  from  the  base  upwards,  and  the  striking  obliquity  of  the 
calice.  When  viewed  in  profile  (as  in  PI.  I.  Fig.  1),  its  outline 
appears  to  be  somewhat  rhomboidal.  This,  however,  is  not  a 
natural  or  essential  appearance,  but  is  due  to  the  fact  that  the 
dorsal  surface,  in  the  individual  examined,  is  abruptly  geniculated 
at  about  the  middle  of  its  length.  There  is,  however,  no  reason  for 
supposing  that  this  feature  would  prove  to  be  a  normal  one  in  the 
species. 

Locality  and  Formation. — Hamilton  Group,  Arkona,  Township  of 
Bosanquet^  Ontario. 

EXPLANATION  OF  PLATE  L 

Pio.  1. — Cyntiphyllum  superbum,  Nich.,  viewed  in  prolile,  of  the  natural  size.  The 
tingle  dark  line  shows  the  outline  of  the  calice  as  seen  in  a  front  view. 

Fio.  2. —  Cffttiphyllum  Ohioenstj  Nich.,  of  the  natural  size.  2a.  Calice  of  the  same 
Tiewed  from  above,  of  the  natural  size. 

PiO.  3. — FniCTuent  of  Cyttiphyllum  frutieomm,  Nich.,  of  the  natural  size.  3a.  Calice 
of  one  of  the  corallites  of  the  same,  slightly  enlarged. 

Fio.  4. — Cyttiphyllum  fsquainosumy  Nich.,  viewe<l  from  the  front,  of  the  natural  size. 
4«.  Profile  Tiew  of  the  same.  4^.  Profile  view  of  another  individual  of  the  same, 
In  which  a  secondary  calice  has  been  produced  at  right  angles  to  the  primary 
calice.  All  these  specimens  ore  siliciticd,  and  are  covered  with  *'Bcckite- 
markings."  

IV. — ^Descriptions  of  New  Species  and  of   a  New  Genus  of 

POLTZOA    FROM   TUB   PaL-EOZOIO    RoCKS    OF    NOKTH    AmBRIOA. 

By  n.  Allevne  Nicholson,  M.D.,  D.Sc,  F.ll.S.E., 
Pmfessor  of  Biology  in  the  College  of  Pliysical  Science,  Newcastlc-on-Tyne. 

(PLATE  II.) 
Oentu  IIeterodictva,  Nicholson. 

Polyzoary  (?)  forming  a  simple,  flattened,  imbranched,  two-edged 
frond,  with  sub-parallel  sides,  consisting  of  two  series  of  cells,  the 
bases  of  which  rest  upon  opposite  sides  of  a  thin  longitudinall}'- 
Btriated  central  membrane  or  laminar  axis,  from  which  they  pass 
obliquely  outwards  in  op])osito  directions.  Tlie  colls  oi)en  in  longi- 
tadinal  rows  on  the  two  flat  or  slightly  convex  surfaces  of  the  frond, 
tnd  have  the  form  of  more  or  less  cylindrical  tubes,  which  are  septate 
or  are  divided  transversely  by  a  series  of  well-devolop(?d  tabuhc. 
In  the  only  species  known  the  cells  of  a  few  of  the  median  xowa  ol 
DicADi  II. — yoL,  II. — yo.  I,  % 
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the  fi-ond  are  straight,  but  those  of  the  lateral  rows  are  obliqne. 
Cell-months  unknown. 

In  most  essential  characters,  and  in  general  appearance,  the  genus 
ITeterodictya  entirely  resembles  Ptilodtctya,  We  haye,  however,  the 
very  anomalous  and  very  important  feature,  that  the  cells  in  the 
present  genus  are  as  thoroughly  and  as  regularly  tabulate  as  the  coral - 
lites  of  Chaete.tea  or  Favosites,  This  clearly  necessitates  the  removal 
of  Hderodictya  from  Ptilodictya,  and  establishes  a  very  interesting 
transitional  link  between  the  Polyzoa  and  the  Tabulate  Corals.  I 
am  only  acquainted  with  a  single,  exceedingly  large,  species  which 
can  certainly  be  referred  hero.  I  should  however,  suspect  that  P/i7o- 
dictya  (Flustra)  lanceolata,  Goldfuss,  will  very  probably  turn  out  to 
be  an  example  of  this  genus. 

Hetbbodictya  oioantea,  Nicholson.    Plate  II.  Figs.  1«-Itf. 

Polyzoary  forming  a  single,  flattened,  unbranched,  two-edged 
frond,  the  dimensions  of  which  are  unknown,  though  certainly  very 
great.  The  largest  specimen  observed  expands  gradually  in  width 
in  proceeding  from  the  base  upwards.  Its  length  is  three  and  a 
quarter  inches ;  the  breadth  of  the  broken  base  is  nine  lines,  and  the 
breadth  of  the  broken  distal  extremity  is  fifteen  lines.  Both  ends  of 
this  fragment  are  broken  away,  and  its  total  length,  when  perfect, 
may  be  estimated  with  every  probability  as  having  been  at  least 
half  a  foot,  with  a  width  of  not  less  than  two  inches.  The  edges 
of  the  frond  are  quite  sharp,  and  its  width  in  the  centre  is  t^o  lines 
or  a  little  more.  Its  cross-section  is  thus  acutely  elliptical,  the  two 
poriferous  surfaces  being  gently  and  regularly  convex,  without  any 
central  angulation.  The  frond  is  completely  divided  into  two  halves 
by  a  central  laminar  axis,  which  is  marked  with  longitudinal  strise, 
confonning  with  the  rows  of  cells,  but  does  not  exhibit  arched 
transverse  stria).  The  cells  are  arranged  in  longitudinal  rows,  in 
three  series.  The  first  series  is  central,  and  consists  of  a  few  rows 
in  which  ihe  successive  cells  are  themselves  longitudinal,  and  are  not 
obliquely  disposed.  The  remaining  two  series  of  rows  are  lateral, 
and  ea(;h  consists  of  a  number  of  rows  in  which  the  cells  are  diixHited 
obliquely  outwards  and  upwards  as  regards  the  margin  of  the  frond 
hi  the  direction  of  tho  row  itself  (PI.  II.  Figs.  16  and  le).  The 
general  arrangement  of  the  cells  is  thus  penniform.  There  are  about 
six  rows  of  cells  in  one  line  measured  transversely,  and  thus  there 
are  about  ninety  rows  altogether  at  the  wider  end  of  the  frond. 
There  are  four  or  five  cells  in  the  space  of  one  line  measured  longi- 
tudinally, and  the  cells  are  alternate  or  sub-alternate  in  contiguous 
rows.  The  cells  have  the  form  of  cylindrical  tubes  directed  upwards 
towards  the  surface  at  an  angle  of  about  70°  with  the  laminar  axis. 
Each  tube  is  partitioned  off  transversely  by  well-developed  tabulae, 
of  which  there  are  five  or  six  in  the  space  of  one  line,  some  of  them 
not  (juite  extending  across  the  tube,  but  the  most  of  them  complete. 
The  bases  of  tho  cells,  as  seen  by  decortication  of  the  laminar  axis, 
have  mostly  the  form  of  narrow  ovate  slits.  The  free  surfaces  of  the 
frond,  and  consequently  the  characters  of  the  cell-mouths,  are  un- 
Jcnown, 
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This  remarkable  form  resembles  Ptilodiciya  lanceolatay  Goldfuss, 
in  its  general  shape,  and  in  the  penniform  arrangement  of  its  cells ; 
and,  as  before  remarked,  it  seems  by  no  means  impossible  that  the 
latter  species  may  ultimately  be  shown  to  possess  tabulate  cells,  and 
thus  belong  to  the  genus  Heterodictya,  Under  any  circumstances, 
however,  P.  lanceolata  is  separated  from  the  present  form  by  its 
comparatively  diminutive  dimensions ;  and  I  know  of  no  other 
recorded  species  of  the  genus  Ptilodictya  with  which  Heterodictya 
gigantea,  apart  from  its  internal  structure,  could  be  confounded. 

Locality  and  Formation. — Rare  in  the  Carboniferous  Limestone  of 
Jarvis,  Township  of  Walpole,  Ontario.  (The  specimens  from  which 
the  above  description  is  taken  were  collected  by  Mr.  Greorgo 
Jennings  Hinde,  F.G.S.) 

Ptilodictta  C08CINIF0&MI8,  NicholsoB.    Plate  II.  Figs.  2--2b, 

Polyzoary  rooted  by  a  strong  footstalk,  which  is  partly  striated 
longitudinally,  partly  covered   with   the   apertures  of  cells   inter- 
spersed with  numerous  minute  interstitial  tubuli.     At  the  summit  of 
the  footstalk  the  frond  divides  into  a  number  of  flattened  branches, 
which  ultimately  divide  and  coalesce  with  one  another,  so  as  to  form 
a  network   with  oval  meshes.     The  branches  of  this  network  are 
flattened    and   sharp-edged,  with  gently  rounded  surfaces.      Tlieir 
cross-section  is  acutely  elliptical,  their  thickness  in  the  middle  being 
half  a  line,  their  width  being  two  lines,  and  the  meshes  which  sepa- 
rate them  being  about  two  lines  in  their  long  diameter.     The  sharp 
borders  of  the  branches  are  marked  with  longitudinal  and  oblitiue 
BtriflB,  interspersed  with  the  apertures  of  minute  tubuli,  a  complete 
marginal  ring  of  this  nature  surrounding  each  mesh  of  the  terminal 
network.     The  cells  are  not  disposed  in  longitudinal  rows  separated 
by  elevated  lines,  but  are  arranged  quincuncially,  so  as  to  form  two 
series  of  intersecting  curved  diagonals.     The  cell-mouths  are  regu- 
larly oval,  each  with  a  distinct  rim,  not  elevated  above  the  general 
surface,  about  six  or  seven  of  them  occupying  the  space  of  one  lino 
measured  diagonally.     The  interspaces  left  by  the  apposition  of  the 
oval  cell-mouths  are  entirely  filled  by  very  minute  interstitial  tubuli, 
the  apertures  of  which  are  circular  or  oval. 

This  beautiful  species  forms  in  many  respects  a  transition  between 
the  typical  Pttlodictyre  and  the  thin  reticulated  expansions  to  which 
the  name  of  Clathropora  or  Coscinium  lias  been  applied.  It  is  dis- 
tinguished by  the  following  more  important  characters :  1.  The 
mode  of  growth  is  peculiar.  The  polyzoary  springs  from  a  strong 
and  thick  root  or  footstalk,  from  the  top  of  which  proceed  several 
branches,  which  do  not  lie  in  the  same  plane,  but  are  so  disposed  as 
to  fonn  a  tuft  or  cluster  sim^ar  to  that  of  such  a  recent  form  as 
FlHstra  truncata.  Tliese  branches  sub-divide,  and  their  divisions 
inosculate  so  as  to  form  a  network,  the  characters  of  which  are  quite 
similar  to  that  of  Clathropora,  2.  The  cells  are  not  arranged  in 
longitudinal  rows  separated  by  elevated  lines.  3.  The  cell-mouths 
are  oval,  and  are  quincuncially  disposed.  4.  All  the  interstices 
between  adjacent  cells  are  filled  up  with  numerous  minutQ  \u\.^t^\a.- 


86         Prof.  H,  A.  Niehofson — New  Palaasaie  Polysoa. 

tial  tubuli,  similar  tubales  being  present  on  the  striated  margins  of 
the  branches,  and  over  considerable  portions  of  the  footstalk. 

The  only  example  of  this  species  that  I  have  seen  is  growing 
upon  Heliophyllum  Hatti,  to  the  exterior  of  which  the  footstalk  is 
attached  by  a  i^idely  expanded  base. 

Locality  and  Formation, — Bartlett's  Mills,  Arkona,  Township  of 
Bosanqaet,  Ontario.     In  the  Hamilton  Formation. 

Fbnestblla  Datidsoni,  NiohoUon.    Plate  II.  Figs.  Z-Zi, 

Frond  small,  flabelliform,  the  branches  ('Mnterstices")  keeled  on 
both  sides  with  very  high,  thin,  and  sharp-edged  carinse.  Three  or 
four  branches  in  the  space  of  one  line,  dividing  dichotomoasly, 
usually  with  great  regularity,  at  intervals  of  from  two  to  three  lines. 
Both  the  branches  and  the  keels  are  more  or  less  wavy  or  sinnous, 
sometimes  as  regularly  so  as  in  some  BeieporoB ;  whilst  the  dissepi- 
mcnts  are  very  wide,  deeply  sunk  beneath  the  level  of  the  celluli- 
fcrous  surface  of  the  frond,  and  presenting  the  appearance  of  being 
formed  by  anastomosis  of  the  branches.  The  dissepiments  are  fully 
one-third  of  a  line  in  width,  and  do  not  carry  cells.  The  fenestniles 
are  oval,  about  one-third  of  a  line  in  length,  and  slightly  less  than 
this  in  width ;  about  two  of  them  in  the  space  of  one  line  measured 
longitudinally,  alternately  placed  in  contiguous  rows.  The  cell- 
mouths  are  rounded  or  transversely  oval,  about  three  of  them  oppo- 
site to  each  fenestrule.  Non-poriferous  side  of  the  branches  smooth, 
with  the  same  thin,  sharp,  and  prominent  keel  as  exists  on  the 
celluliferous  side. 

This  species,  in  its  mode  of  growth  and  division,  as  well  as  in 
the  sharpness  of  the  carina  between  the  rows  of  cells,  strongly 
resembles  Fenestella  MiUerif  Lonsdale ;  but  the  latter  is  stated  to 
})ossoss  narrow  and  slender  dissepiments,  placed  two  lines  apart, 
with  fenestniles  five  or  six  times  longer  than  wide,  about  twelve 
pores  going  to  a  fenestrule.  The  corresponding  characters  in  our 
species  are  so  strikingly  different,  that,  in  spite  of  the  superficial 
resemblance,  I  feel  fully  justified  in  separating  it  from  F.  Milleri ; 
and  I  have  great  pleasure  in  dedicating  it  to  my  friend  Mr.  Thomas 
Davidson,  F.R.S. 

F,  Davidsoni  is  distinguished  by  its  regularly  dichotomising 
branches,  with  prominent  sharp-edged  keels  on  both  sides;  the 
undulated  character  of  the  branches ;  the  deeply  sunk  position  and 
great  width  of  the  dissepiments,  which  carry  no  cells,  and  look  as 
if  formed  by  anastomosis  of  the  branches ;  and  the  oval,  slightly 
longer  than  wido  fenestniles.  In  the  general  aspect  of  the  celluli- 
ferous surface  and  the  sinuous  course  of  the  branches,  the  species 
makes  a  close  approach  to  some  species  of  the  genus  Betepora ;  but 
the  presence  of  non-poriferous  dissepiments  and  the  existence  of  a 
keel  separating  two  rows  of  cells  seem  to  justify  its  reference  to 
the  genus  Fenestella ^  of  which,  however,  it  cannot  be  regarded  as  a 
typical  member.  The  keels  are  so  prominent,  that  specimens,  espe- 
cially when  seen  from  the  non-celluliferous  side,  often  exhibit 
nothing  except  the  carinse  projecting  above  the  matrix. 
LocaUit/  and  Formation. — Hamilton  Group ;  Bartlett's  Mills,  near 


Prof.  H.  A,  Nichohon — New  Pakeozoic  Polyzoa.         87 

Arkona,  Township  of  Bosanquet ;  and  cutting  on  the  Grand  Trunk 
Railway  near  Widder,  Township  of  Bosanquet,  Ontario. 

Cbbamopora  Hubonbnsib,  Nicholfion.    Plate  II.  Figs.  5,  6a. 

Polyzoary  forming  small  patches  or  crusts,  of  a  rounded  or 
irregular  form,  from  one-quarter  to  one-third  of  a  line  in  thickness, 
growing  parasitically  upon  foreign  bodies,  and  rarely  exceeding 
three  or  four  lines  in  diameter.  Cells  radiating  from  a  central  or 
exoentrio  point,  about  six  in  the  space  of  one  line,  partially  im- 
mersed, and  elevated  towards  their  mouths,  which,  when  perfect,  are 
of  a  sub-triangular  or  crescentic  form. 

This  species  resembles  young  examples  of  Ceramopora  Ohioensis, 
Nich. ;  but  is  distinguished  from  adult  examples  of  the  same  by 
forming  small  parasitic  crusts,  composed  of  a  single  layer  of  cells, 
which  radiate  from  a  generally  central  point.  The  cells  are  also  to 
a  greater  extent  immersed,  and  are  not  in  such  close  contact.  From 
C.  incruatans,  Hall,  the  present  species  is  separated  by  its  smooth, 
not  nodulose  or  tuberculated  surface.  C  Huronensis  somewhat 
resembles  the  figures  o£  Berenicea  (Diaatoporaf)  irregularist  Lonsd. ; 
but  the  latter  is  stated  to  possess  round  cell-mouths,  and  the  published 
description  is  not  sufficiently  detailed  to  allow  of  a  close  comparison. 

Locality  and  Formation. — Hamilton  Group.  Arkona,  Township  of 
Bosanquet,  Ontario.  Growing  on  the  exterior  of  Cystiphyllum  vesi- 
culosum,  Goldfuss,  and  Heliophyllum  JTalli,  Edw.  and  H. 

Retepora  Tkbntonensis,  Nicholson.     Plate  II.  Pigs,  i-ib, 

Polyzoary  forming  a  fan-shaped  expansion,  composed  of  slightly 
divergent,  sub-parallel  branches,  which  have  a  width  of  about  one- 
third  of  a  line.  The  branches  are  more  or  less  sinuous  in  tlieir 
course,  and  divide  dichotomously  at  short  intervals,  usually  uniting 
with  adjacent  stems  so  as  to  form  an  open  network,  the  fenestrules 
of  which  have  an  approximately  oval  shape,  and  are  from  one  to  two 
lines  in  length.  The  cells  have  the  appearance  of  being  oblique  to 
the  surface,  and  there  are  four,  five,  or  six  rows  of  them  in  a  bmnch. 
They  are  also  present  upon  all  the  areas  formed  by  the  anastomosis 
and  conjimction  of  contiguous  branches.  The  cell-mouths  are  poorly 
preserved,  but  appear  to  have  a  long  oval  shape.  The  nou- 
celluliferous  side  is  strongly  striated  with  wavy  or  straight  longi- 
tudinal striae  or  ridges. 

This  species  is  only  known  to  me  by  several  more  or  less  im- 
perfect specimens,  from  which  some  of  the  essential  characters 
cannot  be  determined.  It  appeal's  to  be  a  genuine  Retepora,  and  to 
be  most  nearly  allied  to  B.  Uisingeriy  M'Coy ;  but  the  fenestrules 
of  the  latter  are  much  smaller,  and  more  regular  in  their  dimen- 
sions, whilst  the  non -poriferous  side  is  minutely  granular.  In 
B.  Trentonensis,  on  the  other  hand,  the  fenestrules  are  large  and 
irregular,  and  the  non-poriferous  side  is  strongly  striated.  In  the 
general  shape  of  the  frond,  it  resembles  some  of  the  later  FenestellcB, 
such  as  F,  laxOf  but  it  is  clearly  not  referable  to  this  genus. 

Locality  and  Formation, — Trenton  Limestone,  Peterborougii,  On- 
tario.    Collected  by  Mr.  Oeorge  Jennings  Hinde,  F.G.S. 
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EXPLANATION  OF  PLATE  II. 

Fia.  1/1. — Heterodietya  gigantea,  A  broken  frond,  of  the  natural  rise.    The  specimen 

is  split  lon^tudinally  along  the  line  of  the  central  laminar  axis,  and  thus  shows 

the  bases  of  the  cells. 
Fio.  1^.— Portion  of  the  same,  near  its  smaller  end,  enlarged  to  show  tiie  penniform 

arrangement  of  the  cells. 
Fio.  \c. — IransTerso  section  of  the  frond,  of  the  natural  size. 
Fig.  \d.—K  few  of  the  cells  of  the  same  viewed  in  profile,  showing  the  tabulv. 

Enlarged. 
Fig.  U. — A  small  portion  of  the  surfocc  ^athr  enlarged,  showing  the  shape  of  the 

bascii  of  the  cells.    On  the  left  hand  side  of  the  figure,  a  portion  of  the  longitu- 

diiially  striated  laminar  axis  is  preserved. 
Fio.  2.^1*ti/odictya  eoscini/ormi*,  a  broken  specimen  growing  on  Heiiophylium  HM, 

Of  the  natursl  size. 
Fio.  2a.— Portion  of  the  same  enlarged,  showing  the  meshes  of  the  network,  and 

their  striated  borders. 
Fio.  2b. — A  portion  of  the  same  still  further  enlarged,  showing  the  form  and  arrange- 
ment of  the  cells  and  the  interstitial  tubulL 
Fig.  Z.—FehesteUa  Davidtoni;  a  small  portion  of  the  non-poriferous  side.    Of  the 

natural  size. 
Fio.  3a. — I'ortion  of  the  same  enlarg^ed. 

Fiu.  3^. — Portion  of  the  poriferous  side  of  another  specimen  of  the  same,  enlarged. 
Fig.  3r.— Small  portion  of  a  branch  of  another  example  of  the  same,  greatly  enlarged. 
Fio.  4. — Fragment  of  JUiepora  TrentoHensiSj  of  the  natural  size. 
Fig.  4a. — Portion  of  the  same  enlarged,  showing  the  arrangement  of  the  cells. 
Jt  10.  46.— Portion  of  another  example  of  the  same,  enlarged;  showing  the  striated 

non-poriferous  surface. 
Fio.  5. — A  small  crust  of  Ceramopora  Hurofietity  growing  on  Heiiophylium  HaUi, 

enlarged. 
Fig.  ba. — Portion  of  the  same,  greatly  enlarged,  showing  the  form  of  the  colls  and 

cull-mouths. 

V. — Modern  *Vuloanioity.'* 

By  J.  Clifton  Ward, 

Assoc.  R.S.M.,  F.G.S.,  of  H.M.  Geological  Survey. 

THE  theory  proposed  of  late  years  by  Mr.  Mallet  to  account  for 
volcanic  and  earthquake  phenomena,  while  having  a  charm 
about  it  from  its  very  simplicity,  is  one  which  must  nevertheless 
meet  with  very  decided  criticism  from  geologists. 

Mr.  Mallet  sees  "  linked  together,  as  parts  of  one  grand  play  of 
forces,"  the  elevation  of  mountain-chains,  the  production  of  volcanos, 
and  the  origination  of  earthquakes.  His  theory,  however,  necessitates 
the  following  suppositions  : — 

1.  "That  the  geological  doctrine  of  absolute  uniformity  cannot  l)e 
Irue  as  to  Vulcanicity.  ...  Its  development  was  greatest  at  its 
earliest  stages."   (p.  76.)* 

2.  That  the  movements  of  elevation  and  depression  at  the  present 
time  are  "slow  and  small,"  but  these,  **at  a  much  remoter  epoch, 
acted  upon  a  much  grander  and  more  effective  scale."   (p.  62.)* 

On  page  47*  the  " stratigraphic  geologist"  is  described  as  one  who 
(liscema  "a  change  in  the  order  or  character"  of  the  "fused  masses 
which  have  come  up  from  beneath.  He  sees  immense  outpourings  of 
granitoid  or  porphyritic  rocks  that  have  welled  up  and  overflowed 
the  oldest  stmta.     .     .     .     Later  ho  sees  huge  tables  of  basaltic  rock 

*  Introductory  Sketch  to  Palmieri's  Vesuvius. 
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poured  forth  over  alL"  Such  products,  which  the  author  says  are 
"commonly  called  plutonic,"  he  distinguishes  from  those  of  the 
volcano  by  being  ''  not  explosive,''* 

Does  it  not  seem  that  Mr.  Mallet  is  here  making  a  difference 
between  action  from  below  in  the  early  stages  of  geologic  history 
and  that  action  in  modem  and  recent  geologic  times  which  does  not 
exist  in  fact?  ^  Volcanic  products,  both  sub-marine  and  sub-aerial, 
of  the  most  unmistakable  character,  occur  in  rocks  of  all  ages  down 
to  the  base  of  the  Lower  Silurian^  Basaltic  lavas,  in  which  the 
component  minerals  seem  to  have  crystallized  in  the  very  same 
order  and  under  the  same  conditions  as  in  modem  flows,  have  now 
been  traced  back  to  periods  of  the  world's  history  before,  apparently, 
vertebrate  life  came  into  existence,  and  when  the  very  ancient  order 
of  Oraptolites  flourished.  There  is  nothing  to  mark  the  old  sub- 
aerial  volcanic  products  of  Cumbria,  and  the  sub-marine  volcanic 
products  of  Snowdonia,  irom  those  of  recent  sub-aerial  or  sub-marine 
volcanos,  except  the  metamorphism  which  the  older  rocks  have  been 
inevitably  subject  to,  but  which  has  seldom  succeeded  in  obliterating 
their  original  character  as  a  whole.  There  would  seem  to  be  as 
little  doubt  that '  Yulcanicity '  presented  phenomena  of  an  '  explosive ' 
character,  characteristic  of  the  volcano,  in  the  English  Lake-district 
during  the  middle  of  tbc  Lower  Silurian,  as  that  such  phenomena 
now  occur  on  the  shores  of  the  Bay  of  Naples. 

But,  if  this  be  so,  since  our  geologic  history  is,  properly  speaking, 
bounded  by  the  lowermost  of  known  sedimentary  formations,  it 
surely  is  not  safe  to  say  that  there  is  any  essential  difforence  between 
mo<lem  *  Vulcan icity*  and  that  which  prevailed  at  the  earliest  stages 
of  the  Earth's  history. 

Let  us  now  examine  a  little  into  the  truth  of  Mr.  Mallet's  suppo- 
sition that  "  the  great  masses  of  the  mountain-chains  were  elevated" 
during  the  "earliest  stages"  of  Vulciinicity.  lie  evidently  regards  it 
as  unlikely  that  great  movements  of  elevation  and  depression  are 
now  taking  place,  such  as  result  in  the  formation  of  mountain  chains 
or  in  the  depression  of  such  beneath  the  waters  of  the  ocean,  although 
he  does  not  deny  that  such  chains  *'  may  be  possibly  increasing  in 
stature  year  by  year,  or  at  times ;  but  in  any  case  at  a  rate  almost 
infinitesimally  small  in  its  totality  over  the  whole  earth  to  that  with 
which  their  ridges  were  originally  uprearod."  (p.  63  op.  cit,) 

Are  there,  however,  any  legitimate  reasons  for  supposing  that  the 
Tiiovemcnts  of  elevation  and  depression  were  in  the  earlier  course  of 
geologic  history  more  rapid  and  sudden  than  at  present  ?  Is  there 
any  evidence,  for  instance,  that  in  times  so  far  back  as  the  Silurian, 
great  elevations  or  depressions  of  land  took  place  at  all  rapidly  ? 
Can  we  with  any  show  of  truth  assign  the  origin  of  the  leading 
chains  of  mountains  to  the  earliest  geologic  ages  ?  To  answer  these 
questions  aright,  we  must  consider  denudation  as  well  as  upheaval 
and  depression.  Prof.  Ramsay  has  shown  that  in  Wales  the  many 
thousand  feet  of  strata  formed  during  the  Lower  Silurian  period  were 
upraised,  contorted,  cleaved,  and  extensively  denuded  before  the 
1  See  also  Mr.  Scrope*«  criticism  in  Geol.  Mao.  January,  1874,  page  81. 


40  J.  Clifton  Wardr^Modem  VukafUcUy. 

Upper  Silurian  beds  were  deposited  upon  them.  Can  anj  one  con- 
ceive of  such  a  denudation  as  is  here  implied  being  effdcted  during 
a  more  or  less  speedy  movement  ?  A  sweep  of  waters  during  some 
rapid  action  could  not  have  effected  the  truncation  of  many  thousands 
of  feet  of  contorted  strata,  as  Mr.  Mallet  will  probably  allow.  But 
given  such  an  action  as  is  now  going  on  around  our  coasts,  and  given 
long  periods  during  which  denudation  could  take  effect  upon  land 
being  slowly  upraised,  and  then  as  slowly  depressed,  such  an  amount 
of  work  done  between  the  deposition  of  the  Lower  and  Upper  Silu- 
rian strata  can  be  realized.  Or  to  take  another  example.  In  Cumber- 
land, conglomerates  assigned  to  the  Upper  Old  Bed,  or  perhaps  with 
more  truth  to  the  base  of  the  Carboniferous,  lie  unconformably  upon 
Upper  Silurian  beds,  upon  the  Cumbrian  Volcanic  Series,  and  upon 
the  Skiddaw  Slate.  At  the  close  of  the  Upper  Silurian  period,  the 
Skiddaw  Slate  of  the  Lake-district  was  probably  buried  beneath  at 
least  12,000  ft.  of  volcanic  rocks  and  some  14,000  ft.*  of  Upper 
Silurian  strata ;  yet  between  the  period  of  deposition  of  the  upper- 
most of  the  Kendal  Silurians  and  the  formation  of  the  Conglome- 
rate of  Mell  Fell,  there  must  have  been  a  removal  by  denudation  of 
this  26,000  ft.  of  rock,  to  say  nothing  of  any  thickness  of  Skiddaw 
Slate  which  may  have  been  swept  away  also.  I  believe  that  this 
denudation  took  place  during  the  first  upheaval  of  the  present  Lake- 
district  group  of  mountains,  and  it  is  hard  to  conceive  of  any  pro- 
cess by  which  it  could  have  been  effected  other  than  the  slow  but 
sure  gnawing  and  planing  action  of  the  sea  upon  the  slowly  rising 
tract,  and  the  action  of  atmospheric  powers  upon  those  parts  fairly 
above  the  sea-level.  Such  a  denudation,  carried  on  by  such  means, 
gives  a  forcible  idea  of  the  length  of  the  Old  Red  Sandstone  period, 
and  there  exists  somewhere  a  thickness  or  an  extent  of  strata  formed 
during  that  period,  strictly  correlative  with  the  amount  of  denudation 
produced.  If  we  are  to  believe  that  the  denudation  of  a  great  thick- 
ness of  rock  could  be  effected  during  a  rapid  rate  of  elevation,  we 
must  also  believe  that  a  great  thickness  or  extent  of  strata  could  be 
as  rapidly  deposited.  But  wo  know  from  fossil  evidence  that  sedi- 
mentary deposition  has  been  in  most  if  not  in  all  cases,  exceedingly 
slow ;  therefore  the  denudation  must  have  been  proportionately  so. 

With  regard  to  the  existing  mountain-chains,  evidence  is  not  far 
to  seek,  showing  that  in  the  main  their  formation  dates  from  recent 
geological  periods.  If  all  such  giant  chains  6is  the  Alps  or  the 
Himalayas  could  be  proved  to  be  of  early  Palaeozoic  origin,  and  such 
diminutive  mountain  groups  as  those  of  Wales  and  Cumberland  to 
be  of  recent  origin,  then  indeed  one  might  be  inclined  to  argue  that 
forces  which  raised  the  former  had  well-nigh  spent  their  power,  and 
were  now  only  equal  to  producing  slow  elevations  of  2000  or  8000 
feet.  But  when  oftentimes  the  very  reverse  of  this  is  found  to  be 
the  case,  when  the  mountain  groups  of  Cambria  and  of  Cumbria  are 
representatives  of  8ome  of  the  earliest  tracts  of  laud,  when  the  rocks 
forming  tho  bulk  of  the  Alps  and  the  Himalayas  were  being  formed 

^  Tbickness  of  Upper  Silurian  in  tho  Kendal  district,  occoidmg  to  Mr.  Aveline. 
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beneath  ooeanio  waters  long  ages  after  the  mountains  of  Wales  and 
Cumberland  first  began  to  take  form,  and  when  therefore  the  prin- 
cipal mountain-chains  are  but  infants  in  age  as  compared  with  the 
Snowdon  of  Wales  and  the  Scafell  of  Cumberland,  it  is  surely 
illogical  to  assume  that  the  great  movements  of  elevation  and  de- 
pression were  confined  to  the  earliest  stages  of  Vulcanicity. 

There  is  another  statement  made  by  Mr.  Mallet  which  must  strike 
every  working  geologist.  Geology,  it  is  said,  must  make  poor  pro- 
gress, "  until  all  who  profess  to  be  geologists  shall  have  learnt  that, 
to  make  sound  progress,  they  must  first  become  mathematicians, 
physicists,  and  chemists."  Now  no  one  will  deny  that  geology 
derives  very  material  assistance  from  every  other  branch  of  science, 
the  students  of  science  forming  together  one  great  mutual  help 
society  ;  but  to  affirm  that  "sound  progress"  can  only  be  made  by 
the  geologist  when  he  becomes  mathematician,  physicist,  and  chemist^ 
is  to  withhold  any  hope  of  progression  from  the  many,  and  confine  it 
wholly  to  those  few  comprehensive  minds  which  arise  but  seldom  on 
the  intellectual  horizon.  One  of  the  great  charms  of  natural  science 
is  the  way  in  which  it  developes  the  powers  of  observation,  and  of 
reasoning  logically  on  such  observation,  and  it  gives  a  noble  in- 
dependence of  thought  which  ti-usts  to  nature,  and  cares  not  for 
human  authority  merely  as  such.  Surely  many,  if  not  most  of  our 
leeuling  geologists,  who  have  made  our  science  to  progress  so  rapidly, 
were  neither  mathematicians,  physicists,  nor  chemists,  much  less  all 
three  together ;  but  they  have  been  and  are  careful  observers,  loving 
students  of  nature,  ever  willing  and  anxious  to  receive  help  from  the 
mathematician,  the  physicist,  and  the  chemist,  but  not  willing  to  allow 
these  scientists  to  pervert  ascertained  facts  in  order  to  accommodate 
them  to  their  own  special  modes  of  thinking.  For  example,  we  may 
suppose  the  case  of  a  mathematician  desirous  of  advancing  the  science 
of  geology  by  some  new  theory  worked  out  by  such  abstruse  mathe- 
matical reasoning  that  the  simple  field-geologist  could  not  follow 
the  line  of  argument ;  and  if  the  latter  has  reason  to  suppose  that 
the  facts  upon  which  the  argument  is  based  be  correct,  he  feels 
bound  to  acquiesce  in  the  result.  Should,  however,  the  geologist 
find  that  the  mathematician  resolutely  refused  to  believe  evidence  on 
some  special  point  founded  on  the  careful  observation  of  nature — 
such  as  the  production  of  strias  on  rock-surfaces  by  ancient  glacial 
action — the  geologist  might  well  hesitate  to  acce|^t  the  mathematical 
conclusions  upon  some  other  subject  at  the  basis  of  which  accurate 
observational  powers  should  have  been  employed. 


VI. — Supplement  to  the  Paper  on  West  Indian  Tertiauy  Fossils.* 

By  R.  J.  Lechmeue  Guppy,  F.L.S.,  F.G.S.,  etc. 

rpHE  descriptions  of  two  of  the  species  enumerated  in  my  paper 
[_      on   the  Tertiary  Fossils  of  the  West  Indies  having  been  acci- 
dentally omitted,  the  defect  is  now  supplied. 

^  See  the  Geol.  Mao.  Decade  II.  VuJ.  I.  (October  ^' umber),  1^74,  p.  4^^. 
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Leda  clara.    Geol.  Mao.  1874,  Decade  II.  VoL  I.    PL  XVII.  Pig.  1. 

Su})elliptical,  lanceolate,  nearly  eciuilateral,  somewhat  but  not 
extremely  rostrated.  Disk  smooth,  shining ;  valves  witli  a  few  fine 
close  regular  concentric  riblets  perceptible  near  the  anterior  angle, 
where  an  indistinct  sulcus  runs  upwards  towards  the  umbo.  No 
distinct  escutcheon.  Lunule  narrow,  indistinctly  defined.  TJmbones 
prominent  Ventral  margin  slightly  angulated  at  about  a  third  of 
its  length  from  the  posterior  point,  where  an  obscure  carina  runs 
1o  the  margin  from  the  umbo.  Length  12  mill.,  height  6,  thickness 
about  4  mm.     Miocene,  Jamaica. 

In  shape  somewhat  like  L.  nasuta.    It  is  rather  difficult  to  describe 

the  smooth  plain  species  of  this  genus ;  their  differences  being  most 

generally  noticeable  in  shape,  extent  of  rostrum,  etc.    The  following 

species  have  been  already  described  from  West  Indian  Tertiaries : — 

Leda  Packeri,  Forbes,  Eocene,  Barbados. 

„      incognita,  Guppy,  Eocene,  Trinidad. 

„      hisulcata,  Guppy,  Upper  Miocene,  Jamaica. 

„      illecia,  Guppy,  Pliocene,  Trinidad. 

„      perhpida,  Guppy,  Pliocene,  Trinidad. 
Three  species  of  Nucula  have    been  recorded   from  the  same 
formations. 

Ditrupa  dentalinum.    Geol.  Mag.  1874,  Decade  IE.  Vol.  I.    PL  XVI. 

Fig.  11. 

Tube  clavate,  curved,  slightly  irregular  in  diameter,  gradually 
increasing  from  the  smaller  end,  which  is  annulate,  becoming  smooth 
towards  the  middle  of  the  shell ;  the  lower  half  smooth,  shining, 
rather  suddenly  thickened  near  the  aperture,  to  form  which  it  as 
suddenly'  contracts  to  a  diameter  not  greater  than  that  of  the  smaller 
third  of  the  tube. 

There  are  no  very  distinct  characters  by  which  to  separate  this 
annelid  case  from  D.  lylantnn  of  the  European  Eocene.  I  have  thought 
it  as  well,  nevertheless,  to  indicate  it«  presence  in  the  Jamaican 
Tertiaries  under  a  prnvisional  name. 

Crassinella, 
I  have  proposed  this  name  in  substitution  for  that  of  Gouldia,  pre- 
occupied for  a  genus  of  birds.     The  typical  species  are  Cr.  pacijica 
and  Cr.  martinicensis ;  the  latter  occurs  in  the  Pliocene  of  Trinidad. 


"  SuR  LA  Correlation  des  Formations  Cambriennes  de  la 
Bei.(;ique  et  nu  Pays  de  Galles."  By  Prof  G.  Dewalque. 
(From  the  Bulletins  of  the  lloyal  Academy  of  Belgium,  2nd 
scries,  tom.  xxxvii.  no.  5,  May,  1874.)  Translated  by  G.  A. 
Leijour,  F.G.S. 

AFTER  an  excursion  to  Wales  in  the  autumn  of  1872,  which  I 
undortook  in  order  to  stud}'  the  petrogmphical  characters  oi 
the  oldest  formations  of  that  region,  I  announced  to  the  Academy 
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(Bull.  2nd  ser.  torn,  xxxiv.  p.  424)  that  a  comparison  between  them 
and  the  analogous  formations  of  our  country  had  enabled  me  to 
establish  the  parallelism  of  the  subdivisions  of  the  Cambrian  rocks 
in  both  countries.  I  then  hoped  to  be  soon  able  to  draw  up  a 
detailed  communication  on  the  subject,  but  my  health  has  until  now 
prevented  my  doing  so.  As  I  have  had  occasion  to  lay  before  my 
pupils  the  results  of  my  observations,  I  think  it  may  be  useful  now 
to  make  known  the  parallelism  which  I  believe  I  have  determined. 

I  have  long  ago  regarded  our  "Ardennais"  formation  as  Cambrian, 
notwithstanding  contrary  assertions.  The  Cambrian  of  North  Wales 
is  represented,  according  to  most  authors,  by  the  Harlech  grits,  the 
Llanberis  slates,  the  Lingula  flags,  and  the  Tremadoc  slates.  The 
two  first  names  are  applied  to  two  series  which  I  consider  as  con- 
temporaneous :  their  characters  bear  the  same  relations  t©  each  other 
as  those  of  our  two  "devilliennes"  bands  of  Montherme  and  Fumay, 
which  they  exactly  resemble,  except  that  our  quartzites  are  there 
often  replaced  by  conglomerates.  The  slates  of  Fumay  and  those 
of  Llanberis  are  absolutely  identical. 

Our  "  systeme  revinien "  corresponds  quite  as  exactly  to  the 
Lingula  flags ;  the  likeness  of  the  rocks  is  perfect.- 

With  regard  to  our  "  systeme  salmicn,"  it  must  be  noted  that  its 
lower  limit  is  not  very  clear,  and  that  it  has  usually  undergone  a 
peculiar  metamorphism,  which  scarcely  allows  one  to  hope  to  meet 
with  similar  rocks  in  Wales.  I  think  I  am  justified  in  placing  it  on 
the  horizon  of  the  Tremadoc  slates,  because  of  the  position  occupied 
by  both  these  formations  between  the*' systeme  revinien"  or  Lingula 
flags  and  the  great  dislocation  which  terminates  the  Cambrian  period. 
It  will  be  noticed  that  the  Tremadoc  system  is  a  local  formation,  like 
our  **  systeme  salmien." 

Some  geologists  may  find  these  resemblances  insufficient  to  esta- 
blish the  parallelism  in  question.  I  think  I  can  promise  that  the 
primordial  fauna  will  be  found  in  our  "  systeme  revinien."  I  have 
just  recognized,  in  a  specimen  which  had  long  been  looked  upon  as 
indeterminable,  a  plant  which  is  characteristic  of  the  Fucoidal  grits 
of  Sc^andinavia,  Eophyton  Linneanum^  Tor. ;  it  comes  from  the 
*•  revinien"  of  Stavelot.  This  genus  is  also"  found  in  the  Lingula 
flags  of  England.  Some  years  ago  I  had  discovered  a  Diciyonema  at 
Spa,  at  the  base  of  the  **  Salniien."  I  have  several  times  taken  my 
pupils  to  this  spot,  and  last  year  several  specimens  were  found. 
Since  then  I  have  assured  myself  that  it  is  the  Dicfyonema  socialCf 
Salt.,  of  the  Upper  portion  of  the  Lingula  flags  (which  would  tend  to 
alter  the  inferior  limit  of  the  "  Salmicn  "). 

I  may  add  that  I  have  met  with  the  same  species  in  the  same 
positi(.)n  at  liuy,  during  the  excursion  which  I  made  last  spring  with 
my  pupils. 


44  Beviews — Dana's  Manual  qf  Oeohgy. 

I. — Manual  of  Geology  :  Treating  of  the  Prinoiples  of  the  Science 
with  special  reference  to  American  Gkological  History.  By 
James  D.  Dana,  Silliman  Professor  of  Geology  and  Mineralogy 
in  Yale  College,  Foreign  Member  and  Wollaston  Gold  Medallist 
of  the  Geological  Society  of  London.  Illustrated  by  over  eleven 
hundred  figures  and  a  chart  of  the  world.  Second  Edition, 
1874.  8vo.  pp.  828.  (New  York :  Ivison,  Blakeman,  Taylor, 
and  Co.     London :  Trubner  and  Co.) 

THE  name  of  Professor  Dana,  as  a  zoologist,  a  geologisty  and  a 
mineralogist,  is  known  and  honoured,  not  only  in  America,  but 
throughout  Europe.  He  occupies  in  the  United  States  the  same 
relation  to  the  student  of  geological  science  that  Lyell  has  so  long 
maintained  in  England.  He  is  the  most  celebrated  teacher  in 
America,  and  his  books  are  adopted  wherever  geology  and  minera- 
logy are  taught. 

Nearly  fifteen  years  have  elapsed  since  the  first  edition  of  this 
manual  appeared,  during  which  time  geological  progress  (especially 
in  the  United  States)  has  been  very  considerable.  Since  November, 
1862  (when  the  first  edition  of  this  work  was  really  completed),  the 
Surveys  of  California,  the  Territories  over  the  summit  and  slopes  of 
the  Bocky  Mountains,  those  of  Minnesota,  Iowa,  Missouri,  Louisiana, 
Tennessee,  Illinois,  Indiana,  Michigan,  Ohio,  North  Carolina,  and 
New  Hampshire,  in  the  United  States,  and  the  Provinces  of  Canada, 
New  Brunswick,  Nova  Scotia,  and  Newfoundland,  have  been  carried 
out  and  their  Repoiia  published.  These  Surveys  have  greatly 
extended  our  knowledge  of  American  rocks  and  mineral  products, 
besides  affording  aid  towards  a  deeper  insight  into  principles  and 
a  clearer  comprehension  of  the  system  that  pervades  the  earth's 
structure. 

Besides  all  this,  large  contributions  to  palsaontology  have  been 
made  by  some  of  the  Reports,  and  most  prominently  by  the  new 
volume  of  the  New  York  series  by  James  Hall ;  the  volumes  of  the 
Illinois  Survey  by  Meek,  Wortlien,  Newberry,  and  Lesquereux ;  of 
the  Ohio  Survey  by  Newberry  and  Meek ;  of  the  California  Survey 
imder  J.  D.  Whitney,  by  Meek  and  Gabb ;  of  the  Survey  of  the 
Territories  under  F.  V.  Hayden,  by  Meek,  Cope,  Leidy,  and  Les- 
(^uereux ;  and  of  Canada  under  Sir  William  E.  Logan,  F.K.S.,  by 
Billings,  Dawson,  and  Hall. 

Since  the  year  18G2,  through  Scudder,  we  have  our  first  know- 
ledge of  the  insect-life  of  the  Devonian  period  ;  through  Leidy, 
Cope,  and  Marsh  we  have  seen  the  meagre  list  of  American  Creta- 
ceous reptiles  enlarged,  until  it  exceeds  that  from  all  the  world 
besides ;  and  thn)iigh  the  same  geologists,  not  only  has  the  mam- 
malian fauna  of  the  American  Miocene  received  additions  of  many 
species,  but  the  stranger  fauna  of  the  Rocky  Mountain  Eocene  has 
been  first  made  kno\vn.  Through  Marsh,  also,  the  first  American 
Cretaceous  birds  have  been  named,  and  the  announcement  has  come 
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of  a  lyM  with  teeth  in  sockets,  like  ■ome  of  tlie  highw  leptileft.  In 
addition  to  theee  we  muit  not  omit  to  record  the  labours  of  Newbenr 
among  the  Fossil  FUies ;  of  Hall,  Meek.  Billings,  amoi^  the  In- 
votebimtes ;  of  Lesqnereox  and  Dawson  among  the  Fossil  Plants. 

Xor  haTe  the  lahours  and  publications  of  Emopean  geologists  and 
palfBontologists  been  OTerlooked  or  ign(»«d  by  the  anthor. 

Sodi  axe  bfiefly  the  rast  mass  of  additional  geological  and  palae^ 
ontological  materials,  the  essence  of  which  Professor  Dana  has 
labooxed  to  incorporate  in  the  New  Edition  of  his  most  excellent 
text-book.  Hie  volnme  was  originallj  so  large  (798  pp.  rojal  dva), 
that  it  conld  hardly,  consistently.  hsTe  been  made  more  bulky,  yet 
thirty  additional  pages  have  been  added  to  the  new  edition,  aiMl  the 
anthor  tells  ns  "the  work  has  been,  for  the  most  part,  rewritten." 

If  we  were  to  take  exception  to  anything  in  the  book  before  ns.  it 
would  be  the  wogfat  (3  Iba.),  which  is  very  tiring  to  the  wrists.  We 
are  disposed,  on  this  account,  to  advocate  the  division  into  2  voIb. 
fiir  all  books  weighing  over  If  Iba. 

As  a  suggestion  for  a  future  edition,  we  would  ask  that  a  couple  of 
pagea  of  text  should  be  placed  at  the  end  of  the  volume,  immediately 
next  to,  and  in  explanation  of,  the  physiographical  (folding)  chart  of 
the  world.  This  could  very  well  be  done  without  increasing  the 
bulk  of  the  volume,  as  three  hlamk  leaves  {=  6  pages)  are  inserted  at 
the  end  of  the  book. 

We  hardly  think  the ''  Pie-historic  Man  from  the  Cave  of  Montone,*' 
(See  Geol.  Mag.  1S72,  Vol.  IX.  pp.  272  and  36S),  which  forms  the 
frontispiece  to  the  New  £>lition  of  Prof.  Dana*s  work,  is  of  sufficient 
antiquity  to  merit  so  much  importauce.  There  is  always  an  element 
of  error  to  be  allowed  for  in  correlating  the  human  remains  in 
caverns  with  those  BhiuceeroSj  Vr$u»  spelaus,  and  other  Mammalia 
now  extinct  in  Europe. 

The  illustrations  throughout  the  book  are  most  excellent,  but  they 
are  chiefly  selected  from  American  types. 

We  heartily  reojmmend  this  New  Edition  of  Dana's  Manual  of 
(xeology  to  the  notice  of  our  readers. 


EL — Bevtx  dx  Geologib,  par  MM.  Delesse  et  De  Lappabekt. 

(Paris,  1S74.) 

THE  Berne  de  Geologie,  which  is  reprinted  from  the  Annates  de$ 
Mines  (tome  iv.  1873),  forms  the  eleventh  volume  of  the 
Records  of  Geological  Researoh  prepare^l  by  MM.  Dtlesse  and  De 
Lapparent,  and  contains  notices  and  abstracts  of  various  papers 
published  in  different  countries  during  the  years  1871-72.  It  is 
compiled  with  the  same  care  as  the  previous  volumes,  and.  inde- 
pendently of  the  resume  of  the  memoirs  noticed,  is  a  useful  addition 
to  geological  literature.  The  matter  is  arrangeil  under  five  different 
heads : — general,  Uthological,  historical,  geographical,  and  dynam- 
ical geology.  The  lithoL^gical  section  is  fully  treated,  and  contains 
the  more  recent  ob8er\'ations  on  the  composition,  structure,  and 
classification  of  rocks.  3 .  ^. 
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Geological  Society  of  London. — ^November  18,  1874.  —  John 
Evans,  Esq.,  F.R.S.,  President,  in  the  Chair. 

1.  "  On  Fossil  Evidences  of  a  Sirenian  Mammal  {Eotherium  JEgyp- 
iiacuiriy  Ow.)  from  the  Nummulitic  Eocene  of  the  Mokattam  Cliffs, 
near  Cairo."     By  Prof.  Owen,  F.R.S.,  F.G.S.,  etc. 

The  specimens  described  in  this  paper  were  obtained  by  Dr.  Grant, 
of  Cairo,  in  a  block  of  the  white  limestone  of  the  Cerithian  Nummu- 
litic zone,  quarried  extensively  for  building  purposes  in  the  Mokattam 
Cliffs.  They  consisted  of  a  few  fragments  of  the  base  of  the  cranium 
and  a  cast  of  the  entire  brain  with  the  commencement  of  the  myelon. 
The  author  discussed  the  characters  presented  by  these  remains, 
which  ho  regarded  as  having  belonged  to  an  extinct  Sirenian,  pro- 
bably allied  to  Halitheriunif  which  he  proposed  to  name  Eotherium 
JEgyptiacum.  The  characters  of  the  brain,  as  deducible  from  the 
cast,  were  detailed,  and  shown  to  be  Sirenian.  By  comparison  with 
the  brains  of  other  Sirenia,  the  author  was  led  to  trace  a  progress 
in  the  cerebral  characters  of  the  animals  of  this  type,  from  its  first 
known  appearance  in  the  Nummulitic  formation  of  Egy))t  to  the 
present  day.  He  also  inferred,  from  its  presence  in  the  Nummulitio 
limestone,  that  this  rock  had  been  deposited  not  far  from  a  shore. 

Discussion. — The  President  expressed  the  pleasure  with  which  he  had  listened 
to  Professor  Owen's  exhaustive  paper,  and  said  that  he  thought  that  the  final 
remarks  were  of  very  great  interest  as  indicating  that  there  were  probably  causes 
for  changes  of  form.  The  latest  species,  although  perhaps  the  most  highly  organ- 
ized, did  not  appear  to  be  the  most  **  long-headed." 

Dr.  Murie  explained  the  distinctive  characters  of  the  four  genera  of  Sirenian 
Mammals,  Manatiis,  Rhytina^  Halicore,  and  Ilalit/ierium^  and  stated  that  he  re- 
garded Halithcrium  as  the  highest  form,  seeing  that  it  was  a  four-limbed  type. 
He  remarked  that  in  the  young  Manaius  the  brain  differs  in  form  from  that  of  the 
adult,  which  was  a  fact  to  be  considered  with  reference  to  the  data  on  which  Prof. 
Owen's  deductions  were  founded. 

Mr.  Seeley  said  that  he  had  no  doubt  the  brain  was  Sirenian,  and  indicative  of  a 
new  genus.  The  existing  genera  differed  from  it,  in  his  opinion,  in  having  the 
Sirenian  cliaracters  more  strongly  marked  rather  than  in  showing  a  higher  cerebral 
type.  In  general  form  the  brain  reminded  him  rather  of  a  Carnivore  than  of  a 
Sirenian  ;  and  he  thought  it  indicated  affinity  with  a  generalized  Carnivorous  type 
more  than  with  the  living  Sirenians. 

Mr.  Baucrman  stated  that  the  section  from  which  this  fossil  was  obtained  is 
about  6oo  feet  high,  but  the  quarries  referred  to  by  the  author  were  within  about 
loo  feet  of  the  top,  in  what  had  been  regarded  by  Dr.  Le  Neve  Foster  and  himself 
as  a  shallow- water  deposit.  The  lower  parts  of  the  Cliff  are  very  like  the  Chalk 
with  flints,  except  that  they  contain  Nummulites. 

Mr.  Charles  worth  remarked  that  the  fossil  now  before  the  Society  was  exceed* 
ingly  interesting,  as  indicating  the  extension  downwards  in  time  of  the  Sirenian 
type.  He  stated  that  he  did  not  believe  that  the  English  HalUherium  Canhami 
was  of  Miocene  age. 

Dr.  Leith  Adams  said  that  the  Maltese  Halithtrium  was  truly  Miocene. 

Prof.  Owen  briefly  replied,  and  concluded  by  hoping  that  the  objections  to  any 
of  his  conclusions,  if  reported,  would  be  accompanied  by  their  grounds. 
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On  the  €kology  of  North-west  Lincolnshire."  By  the  Rev. 
J.  E.  Cross,  M.A.,  F.G.S. 

The  district  treated  of  is  that  lying  hetween  the  three  rivers, 
Hamber,  Trent,  and  Ancholme.  The  Liassic  and  Oolitic  betls  were 
described,  from  the  Keuper  (found  in  the  bed  of  the  Trent)  to  the 
Ck)mbrash  (the  highest  Oolitic  stratum  existing  on  this  line}.  The 
existence  of  the  Rhsetic  beds  was  held  to  be  doubtful  ;  the  bone- bed 
and  the  shell  Aricula  contoria  have  not  been  found.  On  the  other 
hand,  the  Lower  Lias  has  a  large  development :  and  the  recently 
discovered  Ironstones  of  Frodingham  and  Scunthorpe  were  shown 
to  lie  in  this  formation,  the  zone  being  that  of  Amm,  semicostatus. 
Higher  np  the  series  the  zone  of  J.miii.  margariiatus  seems  to  be 
wholly  wanting,  and  the  Marlstone  series  has  dwindled  to  a  bed  of 
8  feet  in  thickness,  locally  termed  the  Bh^nchoneUa-hed.  The  Upper 
Lias  is  represented  by  clays  not  much  explored. 

As  regards  the  Oolites,  the  ''  Lincolnshire  Oolite"  is  the  prevailing 
rock ;  bnt  a  lower  band,  called  ''  Santon  Oolite,"  was  distinguished 
from  it,  containing  a  different  fauna.  Above  the  Lincolnshire  Oolite 
a  greenish  clay,  capped  by  Combrash,  represents  the  great  Oolite 
formation ;  and  beyond  this  the  alluvium  of  the  Ancholme  valley 
covers  everything,  till  the  Chalk  rubble  and  the  Chalk  wold  rise 
above  it  to  the  eastward. 

Discussion. — Mr.  Etheridge  spoke  as  to  the  excellence  of  the  paper,  which 
contained  a  most  useful  collection  of  facts.  Two  of  the  species  of  Ammonites 
exhibited  were  rare,  being  new  to  Britain,  and  only  previously  kno\Mi  in  France 
and  Germany,  showing  and  confirming  the  wide  distribution  in  >pace  of  certain 
forms  of  this  group.  An  important  feature  in  Mr.  Cross's  paper  consisteil  in  his 
determining  and  correlating  the  zones  of  life  in  his  area  with  those  of  the  south  and 
west  of  England,  especially  as  regards  the  lowest  part  of  the  Lower  Lixs.  The 
fixing  the  true  position  of  the  Frodingham  ironstone  and  its  associated  Fauna, 
fully  establishing  its  place,  thickness,  and  value,  and  finally  settling  the  point  at 
issue  as  to  its  being  on  the  same  horizon  as  the  **  Cleveland  seam,"  is  also  of  high 
importance. 

Mr.  Judd  remarked  on  the  interest  attaching  to  this  communication,  not  only  as 
describing  a  district  but  little  kno\^'n  to  Geologists,  but  also  as  furnishing  us  with 
oidence  of  very  fine  developments  of  geological  horizons  which,  elsewhere  in  this 
country,  are  represented  only  in  a  very  imperfect  manner,  or  not  at  all. 

Mr.  J.  F.  Blake  remarked  that  though  the  author  had  found  no  exposure  of 
beds  between  the  Angidlatm-iont  and  the  Keuper,  they  probably  existed,  as  they 
occurred  both  to  the  south  and  to  the  north  in  Yorkshire,  across  the  Humber.  He 
agreetl  with  the  author  that  the  ironstone  of  Lincolnshire  was  on  an  entirely 
different  level,  and  was  totally  unrelated  to  that  of  Yorkshire,  the  true  equivalent 
of  which,  though  here  only  eight  feet,  was  much  thicker,  though  not  valuable, 
across  the  Humber.  The  Pecten-beds  mentioned  were  characteristic  of  the  same 
zone  in  Yorkshire  as  in  Lincolnshire  ;  but  in  the  former  county  ihcy  contained  no 
iron  except  in  the  form  of  pyrites.  The  thinness  of  the  upper  l)eds,  as  contrasted 
with  the  thickne<is  of  the  lower,  showetl  a  veritable  thinning  out  of  them,  which 
was  continued  into  Yorkshire,  where  some  of  the  fossiliferous  bands  of  the  Inferior 
0(»lite  described  by  the  author  appear  to  be  altogether  wanting. 

Prof  Hughes  said  that  he  thought  we  should  Ixi  careful  not  to  infer  too  hastily  an 
interruption  in  the  continuity  of  deposition  from  the  absence  of  certain  fossils  from 
the  horizon  at  which  they  occur  in  other  sections. 
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DEEP-BORING   IN  PRUSSIA,    no. 

Sir, — It  may  interest  some  of  the  readers  of  the  Gxolooical 
Magazine  to  loam  that  a  boring  has  lately  been  carried  out  by  the 
German  Government  at  Sperenberg,  twenty-five  miles  souUi  of 
Berlin,  which  has  reached  the  surprising  depth  of  4040  feet  I  and 
Ih  the  deepest  boring  in  the  world  (not  even  excepting  America) ! 
It  is  almost  all  through  the  Saliferous  Hocks,  Triassic  series  (Keuper, 
Musehelkalk,  and  Bunter),  and  was  finished  in  1872.  The  boring 
is  done  with  rods,  but  the  details  I  have  not  yet  learned. 

The  following  Extract  from  a  letter,  19th  Nov.,  1874,  from 
Thos.  J.  Bewick,  Civil  and  Mining  Engineer,  to  Major  Beaumont, 
M.P.,  Managing  Director,  Diamond  Bock-Boring  Company,  Limited, 
2,  Westminster  Chambers,  London,  may  prove  of  interest^  as 
showing  what  can  be  done  by  means  of  Diamond  Boring. 

"  Bohemian  Broad-Bokb-Holb. 

"  Actual  boring  was  commenced  on  the  15th  July  last  On  8th 
inst  the  depth  was  1931  Vienna  feet,  equal  2001  4"  English  feet. 
At  commencement  bored  35  feet,  when  stopped  by  fall  of  ground. 
13'  more,  equal  to  48',  lined  with  5  inch  tubes,  and  then  bored  up  to 
96  feet  with  4  inch  crown.  Lost  water  by  a  cleft  at  73  feet.  Bored 
to  180  feet  with  4  inch  crown.  Again  lost  water  from  tubes  not 
being  close  to  the  bottom.  Withdrew  96  feet  of  tubes,  and  widened 
the  whole  to  180  feet  with  5  inch  crown.  Lined  with  5  inch  tubes 
to  that  depth,  and  continued  with  3  inch  crown  to  bottom.  No 
more  tubes  required  after  180  feet.  Usual  recent  rate  of  boring  30 
to  40  feet  per  day  of  24  hours  (2  shifts  of  12  hours  each).  Boring 
is  in  New  Bed  Sandstone  formation.  Conglomerate  occurred  from 
520  to  580  feet,  680  to  850  feet,  and  1200  to  1510  feet,  equal  to 
540  feet  in  all.  The  pebbles  wore  firm,  with  but  few  loose  stones. 
The  Conglomerate  consists  of  porphyry,  Silurian  shales,  granite,  and 
quartz.  The  rest  of  the  strata  are  the  usual  Sandstones,  Shales,  and 
Marls  in  the  New  Bed  Sandstone  formation." 

I  can  only  hope  the  Sub-Wealden  Exploration  may  succeed  in 
attaining  as  great  a  depth  as  that  of  Sperenberg,  near  Bicrlin. — J.  P. 

ENGLAND  AND  FRANCE  IN  THE  GLACIAL  EPOCH. 

Sir, — In  a  clever  and  able  article  by  Mr.  Tliomas  Belt,  F.G.S., 
published  in  the  "  Quarterly  Journal  of  Science"  for  October  last, 
that  gentleman  advocates  the  theory  of  a  great  river  flowing  south- 
wards,  towards  the  close  of  the  Glacial  epoch,  down  wliat  is  now  the 
English  Channel,  and  embracing  the  Bhine,  the  Thames,  the  Seine, 
and  other  rivers  in  its  course. 

Tliis  is,  I  believe,  contrary  to  the  generally  received  notion  that 
the  Straits  of  Dover  had  not  then  been  cut,  and  that  the  Thames 
flowed  northwards  to  join  the  llhine. 

Perhaps  Professor  Prcstwich  or  some  other  of  your  Quaternary 
^^  Geological  readers  will  relieve  my  mind  by  telling  me  which  is  the 
^%y^ib<  faith  J.  SussKX. 
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L — Oh  thx  Gault  Aporbhjjdm, 
By  J.  STABxn  Qabdnsb,  F.GtS. 
(PLATE  III.) 

rthis  paper  I  purpose  giving  a  history  and  description  of  the 
Creta^uB  group  of  AporrhaU,  as  far  as  they  are  at  present 
known  to  me,  especially  of  those  forms  which  are  so  beautifully 
proBuivod  in  the  Ghiult  of  Folkestone,  and  so-called  Upper  Green- 
Mud  of  Blackdown.  I  regret  that  I  cannot  include  the  Aptien  and 
Xtaeomien  species,  but  the  collections  at  present  open  to  me  are  too 
meagre  to  give  anything  like  a  complete  account  of  them.  In  the 
whcde  group  there  are  even  now  many  points  which  require  further 
research ;  the  correlation  of  some  of  the  forms  with  those  on  the 
Continent  is  still  unsatisfactory,  from  the  difficulty  experienced  in 
comparing  actual  specimens.  The  figures  available,  even  in  the 
most  modem  works,  appear  in  some  cases  to  have  been  restored,  and 
not  therefore  to  represent  the  form  of  any  shell  that  has  been  really 
met  with. 

As  a  result  of  my  examination,  I  think  it  very  probable  that  all 
or  most  of  the  British  Cretaceous  fossil  forms  are  met  with  in 
similar  deposits  abroad;  but  this  uncertainty  in  figuring,  and  the 
practice  of  describing  new  species  from  single  and  generally  imper- 
fect specimens,  has  prevented  me  from  placing  similar,  and  what 
appear  closely  allied  forms  under  the  same  specific  names. 

I  believe  the  list  appended  from  the  Gault  at  Folkestone  to  be  a 
complete  one,  so  far  as  the  forms  are  at  present  known,  as  it  is 
based  on  an  examination  of  many  hundreds  of  specimens.  As 
regards  the  Blcu^kdown  list,  I  find  I  cannot  confirm  the  statements 
of  the  occurrence  of  many  species  mentioned  by  other  writers.  I 
have  seen  and  examined  the  collections  of  the  British  Museum, 
Geological  Museum,  Geological  Society's  Museum,  and  many  private 
cabinets,  with  this  view,  but  unsuccessfully.  I  have  also  reason  to 
believe  that  many  undescribed  species  exist  from  the  Upper  Green- 
tand,  Chloritic-marl,  and  Chalk,  in  cabinets  which  I  have  not  yet 
seen,  and  I  shall  be  obliged  to  any  one  who  would  inform  me  of 
them. 

Forbes  and  Hanley,  in  the  British  Mollusca,  vol.  iii.,  in  1853,  first 
included  Aporrhais  with  the  Cerithiada.  They  considered  them  to 
constitute  a  group  intermediate  between  the  holo8t6matous  and 
liphonostomatous  Pectinibranchiataf  and  to  be  closely  allied  to 
Twrritellida  on  one  hand,  and  Scalarida  on  the  other  *,  they  a\&o  ^\A20b 
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that  tbe  relationship  to  Seaiaria  is  better  seen  and  traced  duongb 
^pcrrhaU  in  fossil  than  in  living  examples  of  the  £unily :  some 
fossils  of  the  last-named  genng,  as  will  be  seen,  approach  verj 
closely  to  Seaiaria, 

Qwyn  Jefi&eys,  in  his  British  Oonchology,  1857,  describes  ih€ 
Aporrhaida  as  follows : — 

"Body  spiral;  mantle  large  and  loose,  forming  a  very  shori 
branchial  fold  at  the  partially  channelled  base  of  the  shell,  which  i\ 
lines  ;  snout  cylindrical,  contractile,  notched  in  front ;  tentacles  awl- 
shaped,  separate ;  eyes  on  bulgings  or  short  stalks,  at  the  .outer  base 
of  the  tentacles ;  foot  small,  lanceolate ;  gills  arranged  in  a  single 
narrow  plume ;  odontophore  enyeloped  in  a  sheath,  straight ;  raohif 
single ;  pleurss  or  nncini  three,  plain-edged." 

**  Shell,  when  young,  spindle-shaped,  never  mnbilicate ;  spire 
torreted  and  tapenng ;  mouth  widely  expanding ;  operculum  smallj 
homy,  pear-shaped,  increasing  by  semielliptical  layers;  nucleui 
nearly  terminal  at  the  base  of  we  mouth." 

The  animal  differs  from  those  of  BoiUUaria,  8iramhu»,  and  PUnh 
eeraa,  in  the  eyes  being  at  the  base,  and  4iot  at  the  extremity  of  the 
tentacles,  and  in  the  tentacles  not  being  bifurcate,  etc.  Models  oi 
both  may  be  seen  in  the  British  Museum.  Its  mode  of  growth  ii 
similar  to  that  of  the  Siramlt'da.  When  young  it  developes  in  the 
form  of  a  cone  or  spindle,  and  increases  in  the  usual  manner  oi 
spiral  shells :  but  at  a  certain  point  it  ceases  to  grow  spirally ;  a  rib 
of  enamel  appears  along  the  mouth,  the  borders  of  which  thicken 
and  contract ;  the  lip  dilates,  expands,  and  becomes  cut  up  into 
spikes  or  digitations  till  tbe  outer  lip  -  is  complete,  when  the  subse- 
quent growth  takes  place  by  adding  fresh  layera  inside. 

In  the  young  state  it  extremely  resembles  Cerithium  and  SealariSi 
a  fact  noticed  by  Swainson ;  when  the  canal  is  developed,  and  before 
the  wing  begins  to  grow,  its  appearance  is  that  of  a  Fusui, 

Monstrosities  are  not  uncommon,  both  in  recent  and  fossil  forms, 
in  tbe  shape  and  size  of  the  pterygoid  process. 

The  term  AporrhaU  was  applied  by  Aristotle  to  probably  what  ie 
now  known  as  A.  pes-pelicani  of  the  Mediterranean  and  Britisb 
seas,  and  was  derived  from  the  word  ATroppio)  **  to  flow  out,"  and 
was  on  his  own  testimony  suggested  by  the  spouted  form  of  the 
shell ;  he  also  noticed  the  operculum  {eirucoKvfifui  or  ir&fJM), 
Aldrovandus  and  then  Gualterius  used  the  term  for  Lamarck's  genui 
FUroceras,  Petiver  in  1711  restricted  the  term  to  shells  of  the 
present  family  of  AporrhaidcB.  Da  Costa  in  1778  adopted  it  as  a 
generic  appellation,  but  included  it  with  Stronibus,  Pteroceras,  etc.,  in 
Lamarck's  family  of  Alata.  The  term  Chenopm  was  needlessly 
introduced  by  Philippi  in  1836,  who,  however,  first  rightly  defined 
and  understood  the  characters  of  the  genus,  and  has  been  frequently 
used  since. 

I  have  referred  somewhat  at  length  to  the  history  and  characters 
of  the  recent  family,  as  it  is  not  separated  from  the  Strombidm  by 
most  conchologists ;  and  undoubted  Aporrhaides  are  still  sometimes 
described  as  BosteUariaa  by  geologists. 
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Morris  and  Lyoett,  in  the  Molliuca  of  the  Great  Oolite  (FaL  Soc), 
mstitoted  a  genns  Alaria  to  receive  those  Juiassio  forms  which  have 
no  posterior  canal,  with  the  left  lip  thin,  never  thickened ;  left  lip  not» 
right  lip  sometimes,  extended  on  penultimate  whorL  Many  Cretaceooa 
forms,  however,  have  a  rndimentary  canal,  which  would  make  it 
emharrassing  to  adopt  the  character  as  generic,  and  would  cause 
vearly  identical  species  to  be  separated,  and  thus  break  up  natural 
groups.  M.  Piette  distinguishes  Alaria  by  the  wing  being  applied 
lo  ike  la$t  whorl  hU  one,  and  never  adhering  to  ike  rest  of  the  spire. 
Tida  character  is  not  of  the  slightest  generic  importance  in  a  shell 
so  sobject  to  variation ;  in  recent  species  the  pterygoid  process  is 
fometimes  attached  to  the  second  whorl,  sometimes  quite  to  the  apex 
of  Hbe^  spire.    See  PL  UL  Fig.  15»  A.  pes-ear6oiiM,  recent 

Mr.  R  Tedej  in  a  paper  in  the  GeoL  and  Nat  Hist  Repertory, 
1865,  established  a  sub-genus  Perisaoptera,  with  A.  oeddenidlie  as  its 
Qrpe,  to  receive  those  species  which  have  a  nearly  entire  and  broad 
wing,  pix>longed  into  a  recurved  point,  and  attached  to  the  last  whori 
but  one.  This  sub-genus  has  not  been  reoognised  by  zoologists 
in  the  case  of  A.  oceidentaUa,  and  Mr.  B.  Tate  included  A.  marginata^ 
which  certainly  is  nearer  ^.  pes-pe/tcani.  A  simple  division  into 
groops  will  for  the  present  meet  all  he  seeks  to  establish. 

ApcrrhaidcR  appear  first  in  the  Jurassic  age,  and  reached  their 
greatest  development  in  the  Cretaceous  seas ;  the  number  of  species 
in  this  genus  far  exceeds  that  of  any  other  Grasteropod  at  Folke- 
stone, and  individuals  are  so  numerous  that  hundreds  of  casts  may  be 
picked  up  in  a  few  hours  by  the  collector.  The  family  decreased  in 
\  importance  in  Tertiary  times,  and  are  now,  in  common  with  many 
other  Cretaceous  families,  only  represented  by  a  few  species.  There 
appear  to  be  only  three  species  known,  yet  they  are  types  of  the 
largest  Cretaceous  group. 

The  following  may  be  taken  as  the  characters  of  AporrhaU  of  Da 
Costa.  Shell  turreted,  strong,  moderately  elongated ;  canal  at  base 
beak-like  and  shallow,  never  very  long,  difEering  in  this  respect  from 
most  Cretaceous  forms ;  whorls  numerous,  variously  ornamented  with 
nodules  or  striae ;  mouth  angulated,  outer  lip  expanded  and  thickened, 
detached  from  the  spire  at  upper  part  (not  a  constant  character), 
either  simple  or  expanded  into  claw-like  digitations,  corresponding 
to  well-marked  keels  on  the  last  whorl. 

With  regard  to  the  so-called  British  Cretaceous  Pteroceraia,  I  have 
long  felt  that  they  were  unnecessarily  separated  from  the  family  of 
Aporrhaid€B,  with  which  they  are  constantly  found  associated,  and 
with  which  I  have  always  considered  tbey  have  the  greatest  affinities. 
The  principal  difference  is  in  the  length  of  the  spire,  the  general 
plan  and  ornamentation  of  the  shell  being  similar.  The  attach- 
ment of  the  posterior  digit  to  the  spire,  which  has  chiefly  led  to 
their  being  classed  with  Pterocera,  is  no  longer  a  character  by  which 
they  can  be  se)>arated,  as  the  figure  (PI.  III.  Fig.  15)  of  a  specimen 
of  A.  pes-earbonis  in  the  British  Museum  clearly  shows.  This  fij^ure 
is  very  similar  in  arrangement  of  the  digits,  canal,  and  ornamen- 
tation, to  the  fossil  shown  in  Fig.  2.     On  the  other  hand,  the  as^Q<^l 
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of  the  fossil,  which  may  be  taken  as  a  type  of  our  so-called  jPteroesro, 
is  most  milike  that  of  the  recent  Pteroeerata :  the  lip  is  less'  dilated 
and  thickened,  the  colmnella  and  aperture  are  not  ridged,  and  the 
digitations  are  not  so  variable ;  the  whole  shell  is  much  smaller  and 
more  delicate.  The  recent  Pteroeerata  appear  to  be  a  modem  group, 
and  to  be  in  part  the  representatives  of  the  Aporrhaida  of  Cretaceous 
times.  Some  of  the  figures  given  by  D*Orbigny  of  Clontinental 
forms  approach,  however,  more  nearly  to  recent  types. 

The  British  Cretaceous  Aporrhaidm  may  be  divided,  by  the  forms 
of  the  wing  and  their  ornamentation  into  four  groups,  as  follows : 

Group  1. — Spire  short,  ovate,  longitudinally  striated,  carinated, 
lip  famished  with  three  to  four  long  flexuous  recurved  digitations ; 
anterior  canal  resembling  digits  in  form. 

Type : — ^Apobbhais  betusa,  J.  Sby.    Plate  IIL  Figs.  1-^. 


fSottaiaritt  return,  J.  Sbj.,  2836. 


bicarinata,  Desh.,  1842. 


Stnokym8....<  FUroctTM ,  D*Orb.,  18iS. 

I rtiuta  (Forbes),  1846.    Sow.  sp. 

y^Ht^rpago  reituut  (Qabb),  1861.    Sow.  sp. 

DeeeripUon. — Shell  of  a  delicate  shape,  broad  and  ovate ;  the  apirs 
short,  forming  an  angle  of  871^ ;  whorls  six,  inflated,  convex,  of 
which  the  last  is  equal  in  depth  to  the  other  five ;  each  with  two 
keels,  the  anterior  being  hidden  by  the  suture,  so  that  the  last  whorl 
alone  is  seen  to  be  bicarinate,  the  other  whorls  seeming  to  have  a 
single  prominent  ridge  at  or  about  the  middle.  The  chief  keels 
are  elevated,  narrow  and  subacute,  the  spaces  between  them  are 
ornamented  by  spiral  strisB,  which  are  extremely  variable  in 
number.  On  the  last  whorl,  from  two  to  seven  or  eight  thread-like 
lines  oocupy  the  space  between  the  posterior  keel  and  the  suture, 
one  to  three  or  perhaps  four  between  the  keels,  and  from  six  to 
twelve  between  the  anterior  keel  and  the  canal ;  these  last  some- 
times extend  over  the  canal  and  the  dilatation  which  unites  it  with 
the  anterior  digit.  The  spire  is  seen  by  aid  of  lens  to  be  finely 
ribbed,  the  riblets  being  more  distinct  in  crossing  the  keels :  from 
the  third  whorl  to  the  apex  the  keel  is  often  undistinguishable,  and 
the  riblets  so  distinct  as  to  cause  a  reticulated  appearance.  The 
ventral  side  of  the  shell  is  encrusted  to  the  summit  with  a  smooth 
polished  enamel,  to  which  encrustation  is  due  the  gibbosity  of  the 
last  whorl. 

Each  of  the  two  keels  is  the  basis  of  a  very  long  flexuous  digitated 
process,  which  is  acutely  triangular  above,  and  deeply  canaliculated 
ventrally;  the  anterior  digit  being  very  thick  for  half  its  length, 
where  there  occurs  a  dilated  node,  which  is  flattened  and  triangular 
on  its  under-side ;  from  this  point  the  digitation  tapers  to,  and  is 
finely  pointed  at  its  termination.  A  third,  the  uppermost  process, 
prolongs  and  terminates  the  mouth  into  a  canal  posteriorly,  and  is 
recurved  backward  over  the  spire,  extending  far  beyond  it.  The 
anterior  canal  is  very  long  and  slender,  being  recurved  i-ather 
abruptly  backwards  at  about  two-thirds  of  its  length.  The  lip  in 
some  adult  forms   (probably  very  old  individuals)  is  excessively 
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jilftftedy  forming  a  palmate  expansion,  uniting  the  digits  for  part  of 
their  length  (see  Fig.  3).  The  month  is  narrow,  oblique  and  oblong. 
Hie  spire  measures  without  oanal  "016;  oanal  alone  '025;  digits 
-080. 

JDif(ri^(toii. — This  is  a  most  widely  distributed  form,  being  found 
abundantly  at  Folkestone,  Lyme  Begis,  and  at  Cambridge,^  Black- 
down  and  Devizes,  Ringmer,*  eta  I  have  seen  no  «pectm«iu  except 
from  FoUcesUme  and  Lyme  Begis.  The  same,  or  an  allied  form,  is 
found  in  the  Aptien  beds  of  Folkestone.  Moiris  gives  it  from  Ather- 
fieldy  but  this  is  no  doubt  an  error. 

On  the  Continent  it  has  been  found  throughout  the  Paris  basin, 
Doube,  Varennes,  Ervy,  Saxonnet,  Perte-du-Rhdne,  Sainte-Croiz, 
but  I  have  not  seen  it  described  from  Aachen  in  German  works. 

HM(ary.— First  described  in  1836  as  Bosiellaria  rHusa  by  J. 
Bowerby,  in  Fitton,  Oeol.  Soc.  Trans.,  vol.  iv.  p.  344,  pL  18,  fig.  22. 
[  cannot  find  the  type  or  any  specimen  from  Blaokdown,  and  there  is 
ft  doubt  whether  the  same  species  is  intended.  Sowerby  says,  "  It 
bas  only  one  elongated  narrow  branch  to  the  lip.  The  surface 
between  the  strisd  is  particularly  smooth."  Should  the  Blackdown 
form  prove  distinct,  Deshayes'  name  of  bicarimUa  must  be  adopted 
Tor  it. 

Leymerie,  in  1842,  in  the  Mem.  Soa  Qeol.,  figured  a  young  spe- 
cimen as  B,  bicarinata,  and  noticed  the  more  delicate  ornamentation, 
"spire  delicately  'quadrilUe*  by  the  intersection  of  fine  transverse 
ribs  and  of  slightly  oblique  longitudinal  strise.*'  In  the  same  year 
D'Orbigny  figured  this  species  in  bis  Pal.  Fr.  Terr.  Cret,  vol.  ii. 
p.  807,  pi.  208,  figs.  3  and  6,  from  the  Albien  of  Aube  and  Ardennes, 
but  in  an  unsatisfactory  manner.  He  observes,  "  Young  or  old,  it  is 
dearly  characterized  from  all  other  forms  by  its  singular  shape." 

In  1845  Forbes  mentions  it  in  the  Quarterly  Journal.  In  1849 
Pictet  and  Roux  figui^d  and  described  this  shell  in  the  Moll.  foss. 
3rds- verts,  p.  263,  pi.  25,  fig.  11,  but  did  not  consider  it  identical 
irith  that  in  Fitton's  memoir.  Geinitz,  in  his  Quader-sandstein- 
a;ebirge,  also  figures  this  shell  as  Sirombue  (Pterocera)  bicarinata, 
-  ix.  fig.  4.  The  three  names  in  D'Orbigny's  Prodrome  are 
probably  synonyms  for  this  one  species.  In  1^54  Professor  J. 
tforris,  in  his  catalogue,  considers  it  distinct  from  P.  retusa  of 
Blackdown.  The  same  year  Cotteau,  and  in  1858  Leymerie,  mention 
t  from  the  Yonne.  In  1859  Dr.  Clienu  figured  P.  bicarinata  in  the 
kfan.  Conch.,  p.  260.  It  occurs  in  Gabb's  list  of  1861,  pp.  56,  71, 
mder  Klein's  name  of  Harpago  (1753).  In  1864  Pictet  and  Cam- 
)iche  and  Pictet  and  Roux  described  it.  The  figures  in  Pictet  and 
Jampicbe,  pi.  xci.  figs.  5  to  8,  differ,  however,  from  our  British  form, 
except  fig.  5 ;  perhaps  owing  to  their  being  figured  from  imperfect 
ipecimens.  In  1865  Briart  and  Cornet,  Descr.  Min.  de  la  Meiile 
le  Bracquegnies,  p.  17,  pi.  2,  fig.  3,  figure  a  specimen  with  dilated 
ip  as  P,  macrostoma.  Sow.,  a  species  it  in  no  way  resembles,  and 
ilso  figure  P.  retuea,  but  with  a  different  form  of  wing.  In  the 
ame  year  Mr.  R  Tate  described  P.  retusa,  but  separated  it  from 
^  Seeley.  >  Fittoo,  Morrit,  ete. 
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P.  liearinata,  which  he  says  ht  had  nemtr  teen,  bat  giving  them  both 
from  the  Gault  of  FolkeBtone,  lehere  eerlainlg  only  one  tperies  U/omd. 
Mr.  Tate  deacribes  P.  biearinata  ae  follows ; — "  PossesBes  two  keel% 
each  correspouding  to  a  long  digitation,  an  anterior  canal,  and  a 
posterior  espaneion  towards  the  spire."  Thia  descriptioa  appliM 
equally  to  ji.  retiiaa,  in  fact  the  two  names  are  synoinjms  for  tiu 
aamo  species.  In  1669  Jaooard  citee  it  from  t^e  Lawer  Gault  at 
Ste.-Croii. 

Other  Hpecies  belun^fing  to  this  group. 

P.  Morfa^isiana,  D'Orb.     Lower  Greensand.     " 

P.  Fittoni,  Forbes.  Probably  synonyuiouB  with  above.  Lowflr 
Green  sand. 

P.  glohulala,  Seeley,  1861,  Greonuind,  Cambridge,  appears  to 
differ  only  in  size. 

A.  bicomii,F.  and  C,  ftam  the  Upper  Gault,  very  oloeely  reaamblM 
.  reluM,  but  aeema  to  have  had  a  rather  longer  spire. 

P.  macroetoma,  Briikrt  and  Cornel,  is  a  einiilur  form  witli  dilated 
lip  :  quite  distinat  from  the  B.  macraitama,  Sow.  . 

B.  ovata,  MiiuBter,  Green 'Ohalk  of  Haldem,  hoKta  oonndendflt'! 
reseuiblance  in  form,  but  the  figure  in  Goldfuss,  Petr.  Germ.,  shows 
a,  pointed  spine  in  the  middb  of  Beuoud  whurl,  a^  in  Oolitic  A. 
tpinigera. 

.  CAenopus  Couloni,  de  Loriol,  1861.  No  keels,  except  two  on  body- 
whorl,  spire  longer  than  F.  Moreausiana.  Neocomien  of  Mont- 
Sal  6  ve. 

Two  undescrihed  species  from  the  Grey  Chalk  of  Dover. 

Gbocp  2.^Shell  piipieform,  with  keels  prolonged  in  two  very 
long  narrow  fiexuoua  digits,  anterior  canal  long  and  resembling  the 
digits. 
Type;— Apohrhais  ciNOuiiT*,  Pictet  and  Itoui,    PI.  III.  Figs.  7-10. 

DcHcripd'on.^Sbell  elongated  and  puptefonn,  composed  of  abont 
eight  convex  inflated  wborla,  the  last  of  which  is  smaller  than  is 
required  to  form  a  regular  cone,  being  but  one-sixth  more  in 
diameter  than  the 4) receding  whorl.  ■\\'liorl8  with  four  simple  longi- 
tudinal salient  but  rounded  keels,  without  trace  of  tubercles.  On 
all  but  the  last,  the  two  median  keels  are  equallj'  prominent ;  of  the 
other  two,  the  anterior  is  very  small,  and  is  nearly  concealed  by  the- 
suture;  the  posterior  is  more  or  less  subordinate  to  the  two  median 
keels,  and  is  situated  midwny  between  them  and  the  suture,  its 
relative  prominence  being  very  variable.  On  the  last  whorl  the 
posterior  median  keel  is  much  more  pronounced  than  the  other,  and 
is  prolonged  into  an  exceedingly  long  narrow  flesuous  digit,  which 
is  coQvoluted,  taking  a  half  turn  near  the  lip,  and  then  curving 
gradually  upwards,  attaining  a  length  exceeding  twice  that  of  the  spire. 
The  process  is  grooved  underneath.  The  anterior  keel  forms  another 
downward  spiked  digit  not  convoluted,  and  of  less  length.  The 
anterior  canal  is  about  one  and  a  half  times  the  length  of  the  spire, 
is  BeiaouB,  and  generally  abruptly  recurved,  or  bent  backwards  at 
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ly  a  light  angle  to  the  axis  of  the  spire.  The  apertore  is 
[ae  and  pyrifonn.  The  lower  portion  of  the  last  whorl  may 
sdmes  be  longitudinally  ribbed ;  on  the  first  whorls  the  posterior 
ian  keel  predominates  more  or  less  to  the  exclusion  of  the  others. 
ahell  without  canal  measures  *Odd,  the  canal  'OiB,  wing  prooess 
,  middle  digit  '024. 
iMrUnUion. — This  is  a  very  characteristic,  and  I  should  think 

prove  a  widely  distributed,  though  rather  rare  shell.  It  is 
d  in  the  Lower  Qsxdt  at  Folkestone,  and  in  Switzerland,  at 
te -Croix,  the  Perte-du-Bhdne,  and  also  in  France,  at  Dieuville, 
mbi^res.  It  cannot  be  confounded  with  any  other  species. 
isiary, — Pictet  and  Boux  first  described  this  species  in  1849  in 
klolL  foss.  Gr^-verts,  p.  261,  pL  25,  fig.  7,  from  the  Gault  of  the 
e-du-Bhona  Their  specimens  were  all  casts.  B'Orbigny  in- 
ed  it  in  his  Prodrome,  and  Pictet  and  Benevier  found  it,  1854, 
le  G^ult  of  the  Perte-du-Bhdne.  Pictet  and  Gampiche  in  1864, 
14,  figs.  10  and  11,  p.  617,  figure  a  specimen  from  Folkestone, 

casts  from  Sainte-Croix.  In  1865  Tate  described  it  in  the 
L  Bepert  p.  96,  fig.  16 ;  and  in  1869  Jaocard  mentions  it  from 
te^Oroix. 

fpe: — Aporbhals  GBiFnrHsii,  Gardner.    PI.  HI.  Figs.  11-14. 

^eripitan, — Shell  elongated  and  pupseform,  composed  of  eight 
r  convex  whorls,  the  last  having  a  less  diameter  than  is  required 
>nn  a  regular  cone.  The  whorls  have  a  central,  salient,  angular 
,  and  a  second  anterior  keel  conceals  the  suture  ;  there  is  also  a 
i  and  faintly  marked  keel  anterior  to  the  predominant  one  and 
way  between  it  and  the  suture.     The  keels  are  not  visible  in  the 

two  or  three  whorls,  but  develope  as  they  increase  in  size,  all  three 
s  being  visible  on  the  last  and  penultimate  whorl.  The  whorls, 
>pt  the  last  two,  are  omskmented  with  fine,  transverse,  oblique, 
e,  and  angular  ribs,  wide  apart,  eight  or  nine  on  each  whorl, 
ch  interrupt  the  median  keel  in  crossing  and  form  nodose  tuber- 
This  ornamentation  is  most  distinctly  seen  near  the  apex, 
re  the  keels  are  obsolete,  and  becomes  less  so  in  descending  the 
e.  The  last  whorl  is  smoothly  striated,  having  the  three  keels 
umnced.  The  principal  keel  is  prolonged  intd  a  narrow  acutely 
alar  process  at  right  angles  to  the  axis,  till  near  its  termination, 
>re  it  curves  gradually  upwards,  terminating  in  a  fine  point.  A 
ight  downward  spike  seems  to  correspond  with  the  second  keel. 

anterior  canal  is  longer  than  the  spire,  and  is  recurved  abruptly 
lie  left»  as  in  ^.  cingtdaia.  The  aperture  is  narrow  and  angular, 
lont  encrustation. 

a  form  this  species  bears  a  striking  similarity  to  A,  cingulaia, 
1  which  I  have  grouped  it ;  but  the  ornamentation  is  of  a  dif- 
nt  character  and  the  shell  is  much  smaller.  Its  sculpture  strongly 
unbles  that  of  B.  tricosiata,  D'Orb.,  Pal.  Fr.,  pi.  207,  fig.  5, 
187,  from  the  Ghult  of  Ervy,  where  it  is  rare,  and  A.  triboleti, 
md  C,  from  the  Lower  Aptien  of  Sainte-Croix.  The  keels  are, 
rever,  in  these  latter  strongly  marked  near  the  apex,  and  the 
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ribs  are  nearly  obsolete.  The  form  of  their  spires  is  also  not 
papaBform.    The  shell  measures  withoat  oanal  *017,  canal  only  *022. 

Distribution. — Gault  of  Folkestone,  where  it  is  rare. 

I  should  perhaps  haye  named  this  A.  pupmformi$,  and  ha^e 
thereby  implied  the  form  and  character  of  the  riiell ;  bat  thia  name 
was  appropriated  by  D'Archiao  in  1817  for  a  little-known  Oolitic 
species.  I  have  named  it  in  compliment  to  John  Griffiths,  the  well- 
kuown  collector  at  Folkestone,  who  has  furnished  me  with  the  great 
majority  of  my  specimens.  A  comparison  of  specimens  in  cabinets 
supplied  by  him  with  figures  of  Folkestone  fossils  of  twenty  or 
thirty  years  ago,  shows  the  useful,  and  let  us  hope  not  unprofitable, 
work  he  has  devoted  himself  to. 

EXPLANATION  OF  PLATE  III. 

Fio.  1 . — Aporrhati  retma^  J.  8by.  Natnral  fize,  showing  Tentral  side.  The  potterior 

digit  i8  slightly  lengthened  from  ft  specimen  lent  me  by  Mr.  Price. 
Fio.  2. — Showing  domu  side. 
Fio.  3. — Specimen  showing  dilated  lip. 
Fio.  4. — Part  of  a  shell,  to  show  dilated  node.    Enlarged. 
Fig.  5. — A  yoang  shell,  to  show  mode  of  growth. 
Fio.  6. — A  young  shell,  illustrating  the  same,  from  the  British  Mnsenm. 
Fio.  7. — jiporrhait  eingulaia^  Pictet  and  Roox,  showing  amngeniflnt  and  relatiTe 

position  of  digits  and  caxiaL 
Fig.  8. — Specimen  showing  deyelopment  of  wing. 
Fig.  9, — Another,  with  dorsal  riew. 
Fig.  10. — Specimen  showing  aperture  and  middle  digit. 

By  tracing  and  rerersing  Fig.  7  and  Fig.  8  an  iUnsimtion  can  be 
obtained  of  the  relative  length  and  position  of  the  wing  and  canal, 
showing  general  appearance  of  the  shell. 
Fios.  11  to  14. — Aporrha'it  Oriffithaii^  Gardner,  from  Folkestone. 

All  in  the  author's  cabinet,  save  Fig.  6. 
Fio.  16. — Jporrha'it  pet-earbonUf  Recent. 

^To  be  continued.) 


IT. — CONTEIBUnONS   TO   THK   StUDY  OF  VOLCANOS. 

By  J.  W.  JuDD,  F.G.S. 
{Contintted  from  page  16.) 

The  Lipabi  Islands  {continued), 
3.  Third  Period  of  Volcanic  Activity  in  the  Lipari  Islands, 

Although,  as  we  have  already  seen,  the  older  volcanic  formations 
of  the  Liparis  present  us  with  features  of  no  little  interest,  yet  it 
is  on  account  of  the  cones  and  lava-streams,  composed  of  rocks  of 
singular  beauty  and  almost  unique  character, — which  are  the  product 
of  the  latest  dovelopmonts  of  igneous  action  in  these  islands,  that 
the  attention  of  geologists  is  most  frequently  directed  to  tbem. 

Lofty  cinder-cones,  composed  of  snowy  pumice,  their  vast  craters 
breached  by  lava-streams  of  solid  glass,  seemingly  fresh  as  when 
the  fiery  flood  leaped  from  the  volcano's  throat,  and  poured  with 
slow  and  tortuous  current  down  its  flanks;  wide-spreading  lava- 
fields,  their  horrid  bristling  surfaces  coated  by  a  reddish-brown 
crust,  but  exposing  in  grand  cliff-sections  the  most  marvellous  com- 
binations of  variegated  rocks ; — these  seen  rising  amidst  the  bright 
blue  waters  of  the  Mediterranean,  and  displayed  in  that  clearness  of 
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onilhie  and  that  YiTidness  of  oolonring  which  only  the  brilliancy  of  an 
almost  tropical  sky  can  impart,  oonBtitute  scenery  of  startling  novelty 
and  wondrous  b^oty — the  impressions  produced  by  which  it  is  as 
bopelesa  to  convey  as  it  is  impossible  to  foiget  Nor  is  the  geologist 
disappointed  by  a  nearer  approach  to  these  remarkable  scenes ;  every 
blow  of  his  hammer  revealing  fresh  examples  of  singular  rock- 
structure,  novel  groupings  of  crystallized  minerals,  and  lively  illus- 
trations of  the  multiform  products  which  result  from  the  action  on 
rock-masses  of  the  ever- varying  combinations  of  many  forces, — such 
as  heat,  chemical  affinity,  crystallization,  pressure,  tension,  and  the 
disengagement  of  imprisoned  vapour  and  gas. 

But  before  entering  on  a  description  of  some  of  these  remarkably 
interesting  volcanic  cones  and  lava-streams,  composed  of  pumice  and 
g^ass  respectively,  it  will  be  well  to  pause  in  order  to  notice  the  very 
striking  linear  arrangefneni  affected  by  the  volcanic  vents  belonging 
to  both  the  second  and  the  third  penods  of  igneous  action  in  tibesa 
islands.  For  nowhere,  perhaps,  is  this  constant  feature  of  the  de- 
velopment of  volcanic  forces — so  unmistakably  suggestive  of  the 
existence  of  subterranean  fissures — more  admirably  and  dearly 
illustrated  than  in  the  Lipari  Islands. 

Commencing  with  the  southern  part  of  the  Island  of  Vulcano  (see 
map,  p.  7),  the  observer,  standing  on  the  summit  of  the  Monte 
Saraceno,  will  have  no  difficulty  in  perceiving  that  there  lie  before 
him  the  remains  of  at  least  four  different  volcanic  cones  and  craters, 
which  have  been  successively  formed  through  the  continued  shifting 
of  the  eruptive  vent  to  more  northerly  positions.  The  great 
central  cone  of  Yidcano,  with  its  magnificent  active  crater,  is 
evidently  thrown  up  on  a  continuation  of  the  same  line.  But  an 
attentive  study  of  this  cone  and  crater-ring  clearly  indicates  to  the 
geologist  that  they  are  not  the  product  of  a  stationary  vent ;  on  the 
contrary,  we  find  clear  evidence  that  the  cone  has  been  more  than 
once  partially  destroyed  by  explosion  and  its  crater  re-formed. 
Indeed,  portions  of  at  least  three  successive  crater-rings,  which 
must  have  been  clearly  excentric  with  one  another,  can  be  easily 
traced.  It  is  interesting  to  notice  that  the  last  eruption  of  this 
volcano  (wliich,  as  will  be  described  in  a  future  chapter,  took  place 
only  a  year  ago)  threw  up  cinder-cones  at  the  bottom  of  its  great 
crater,  not,  however,  at  its  centre,  but  at  its  extreme  northern  limit 

Again,  we  have  proofs  of  the  opening  of  a  vent,  still  a  little  farther 
to  the  north,  in  the  actual  walls  of  the  great  cone,  in  the  beautiful 
little  crater  called  the  Fossa  Antico.  The  Faraglione,  situated 
between  Vulcano  and  Vulcanello,  is  a  mass  of  volcanic  agglomerates, 
in  which  mineral  deposits  of  great  beauty  and  value  have  been 
developed,  in  consequence  of  the  permeation  of  the  mass  by  acid 
gases  and  vapours ;  it  is  now  burrowed  over,  like  a  rabbit  warren, 
by  the  excavations  which  serve  as  houses  for  the  workmen  employed 
in  the  chemical  works  in  the  adjoining  great  crater ;  this  mass  of 
tuffs  is  clearly  the  greatly  denuded  and  ruined  vestige  of  a  cinder- 
cone.  Thus  we  find  that  in  the  island  of  Vulcano  there  exists 
evidence  of  the  opening,  along  a  single  line,  of  at  least  nine  4\SfiiT«iA 
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▼enta,  whicb  bave  giTsn  riu  to  eraptaoni  diff«riiig  vaty  gmaOj  in 
violence  and  duration. 

On  a  continuation  of  the  same  line,  we  find  in  Tnloanellok  now 
joined  to  Yuloano  by  a  bank  of  oinden,  three  other  well-maiked 
orat«rs.  The  features  presented  b;  Vuloanello  are  illnatnted  in  the 
■ooompanying  aketoh  (Fig.  6).    Of  these  craterB  Qm  newest  if 


dearly  that  which  oocnpiea  the  most  sontbem  poaition,  and  whioh 
was  in  all  probability  due  to  an  eruption  during  the  historical  period. 
The  most  northern  of  the  three  craters  of  Vulcanello  has  had  one- 
half  of  its  periphery  removed  by  the  encroachments  of  the  sea,  and 
here  we  actually  find  a  clear  section  of  one  of  these  small  volcanic 
cones,  as  repreBent«d  in  Fig.  7.  The  central  crater  of  Vuloanello  ii 
the  largest,  most  mined,  wid  probably  the  oldest  of  the  three. 
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Tbd  klaad  of  Lipari  must  be  looked  upon  as  only  aoddentally 
separated  &om  that  of  Yulcano  and  Vulcanello;  the  same  line  of 
Yolcanie  cones  and  craters  which  we  have  described  in  the  latter 
being  clearly  continued  in  the  former.  In  the  southern  part  of  the 
island  of  Lipari  we  find  at  Punta  Capparo,  Formiche,  Monte  della 
G^uardia,  and  Fossa  del  Monte,  weathered  and  unmistakable  craters 
and  lava-streams,  composed  of  materials  of  highly  acid  or  siliceous 
character,  namely,  pumice  and  quartz-trachyte  (Liparite),  passing 
into  obsidian,  perlite,  retinite,  etc.,  and  evidently  belonging  to  the 
latest  period  of  volcanic  eruption «  The  central  parts  of  tbs  island 
of  Lipari  are  entirely  composed  of  the  tu£Gs  and  lavas  of  the 
second  period ;  these  are,  however,  as  we  have  already  seen,  mnoh 
altered  by  the  gaseous  emanations,  still  represented  by  the  hot 
mineral  springs  of  San  Calogero  and  the  stufe  ef  Bagno  Seooo, 
which  must  be  assigned  to  the  third  period.  The  great  central 
orater  of  Monte  Sant'  Angel  o  (see  Fig.  3,  page  14)  is  thrown  up  on 
the  same  great  line  of  fissure  which  we  have  been  tracing  to  the 
southwards ;  but  on  the  west  and  east  sides  of  it  respectively  we 
find  the  smaller  lateral  craters  of  Mazza  Carusse  and  Monte  Perrara  or 
Forgia  Yecchia,  the  latter  belonging  to  the  latest  period  of  eruption. 

The  northern  part  of  the  island  of  Lipari,  like  its  southern  ex- 
tremity, exhibits  a  fine  series  of  pumice  cinder-cones  and  lava- 
streams  of  volcanic  glass  graduating  into  Liparite,  evidently  of 
recent  origin,  and  forming  a  continuation  of  the  same  north  and 
south  line  of  vents.  These  we  shall  presently  describe  in  greater 
detail. 

Thus  we  have  clear  evidence  that  along  a  line,  directed  towards 
the  earliest  and  great  central  volcano  of  the  Lipari  group,  at  least 
twenty  distinct  vents,  giving  rise  to  volcanic  cones  and  craters  of 
varying  size,  have  been  formed.  It  seems  probable,  as  suggested  by 
Hoffmann,  that  the  volcanic  products  of  Capo  di  Milazzo  may  be 
regarded  as  a  continuation  of  the  same  line. 

The  twin  voleanos  of  Salina  (the  Didyma  of  the  ancients)  with 
those  of  Filicudi  and  Alicudi  are  evidently  situated  on  another  line, 
which  may  perhaps  be  produced  to  Ustica.  This  line  also  radiates 
from  the  same  central  volcanic  mountain. 

Lastly,  in  Stromboli,  with  its  linear  arrangement  of  old  and  recent' 
craters,  and  in  Str^mboluzzo,  doubtless  the  last  relic  of  another 
volcanic  pile,  we  see  evidence  of  a  third  string  of  volcanic  vents, 
the  direction  of  which  points  to  the  same  great  centre  of  igneous 
activity. 

That  the  linear  arrangement  of  voleanos,  such  as  we  have  described 
as  so  well  exemplified  in  the  Lipari  Islands,  points  clearly  to  the  ex- 
istence of  great  fissures  in  the  earth's  crust,  along  different  parts  of 
which  eruptions  have  successively  taken  place,  has  been  recognized 
by  all  geologists.  Indeed,  in  the  fissures  produced  at  Etna  during 
the  recent  eruption  (1874),  as  described  by  Professor  Silvestri,  of 
Catania,  in  the  earlier  eruptions  of.  the  same  mountain  in  1669, 1811, 
and  1819,  and  in  many  analogous  cases,  we  have  had  ocular  demon- 
stration that  such  is  the  case.     Fresh  proofs  of  the  coxiQ(^\.ii^^'&  oi 
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this  oonolnition  are  afforded  by  the  great  fissures  filled  with  Toloanic 
inateriols,  with  which  all  geologists  are  familiar,  as  traTersing  older 
rock-masses  where  exposed  by  deaudation. 

Nor  must  we  forget  that  the  Tolcanic  band,  which  has  been  indi- 
cated as  passing  through  the  great  central  vent  of  the  Liparis  and 
Stromboli,  would,  if  produced,  strike  the  great  earthquake-shaken 
tract  of  Calabria,  and  by  a  slight  deflection  pass  through  the  Toloanic 
districts  of  Southern  and  Central  Italy ;  while  the  soudiem  continua- 
tion of  the  same,  passing  through  Lipari,  Vulcanello,  and  Vuloano, 
points  to  Etna,  the  Val  di  Noto,  and  the  Tolcanic  islands  lying  south 
of  Sicily.  These  facts  are  interesting,  as  indicating  that  Yon  Buch's 
classification  of  Tolcanos,  according  to  their  mode  of  arrangement, 
in  linear  systems  and  groups,  cannot  be  sustained.  All  volcanic 
action  appears  to  be  developed  along  lines  of  fissure,  though  these 
may  present  very  varied  relations  and  connexions  with  one  another, 
I  shall  take  occasion,  hereafter,  to  show  that  the  principal  of  these 
combinations  assumed  by  volcanic  lines  of  fissure  may  oe  classified 
as  radial  and  parallel  series. 

The  fissures  of  the  Lipari  group  afford  an  interesting  example 
of  the  radial  arrangement,  with  some  illustration  of  the  production 
of  lateral  or  branching  fractures  on  either  side  of  the  principal  ones. 
The  whole,  however,  being  probably  a  subordinate  part  of  a  great 
band  of  subterranean  volcanic  action. 

It  is  a  most  interesting  circumstance,  and  one  by  no  means  devoid 
of  sugfj^estiveness  to  the  geologist,  that  the  two  active  volcanic  vents 
of  the  Lipari  Islands  are  situated  at  distant,  almost  indeed  extreme, 
points  of  the  group ;  and  that  while  one  of  them,  Stromboli,  ejects 
materials  of  the  most  highly  basic  character — dolerite  and  basalt — 
the  other  produces  rocks  of  extremely  add  composition,  quartz- 
trachyte  (Liparite)  and  obsidian.  The  striking  differences  in  the 
specific  gravities  of  these  two  classes  of  rocks  has  been  commented 
on  by  many  geologists.  As  every  great  volcanic  area  may  fairly  be 
supposed  to  have  beneath  it  a  reservoir  of  materials  in  either  an 
actually  or  potentially  *  liquefied  state,  we  may,  without  adopting 
Dnrocher's  notions  of  universal  acid  and  basic  magmas,  suggest  a 
possible  explanation  of  the  peculiarities  of  the  existing  volcanic 
phenomena  of  the  Lipari  Islands.  If  we  imagine  the  area  to  be 
underlaid  by  a  reservoir  of  liquefied  materials  which  is  of  inter- 
mediate composition,  this  might  have  supplied  the  products  of  all 
the  earlier  eruptions  of  the  district;  and  it  is  only  necessary  to 
suppose  that,  by  the  action  of  gravity,  the  materials  (magmas)  of 
different  densities  were  in  process  of  time  separated  from  one 
another,  while  distinct  fissures  were  opened  connecting  the  upper 
and  lower  portions  of  the  mass,  respectively,  with  different  parts  of 
the  surface, — to  see  that  just  such  phenomena  as  now  take  place 
would  be  called  into  play. 

*  By  a  rock  in  a  potentially  liquefied  state,  I  of  course  mean  one  which,  either  from 
its  elevated  temperature  or  its  condition  of  internal  tension  from  imprisoned  volatile 
constituents,  would  assume  a  liquid  form  on  being  relieved  from  the  pressure  which 
maintains  it  in  a  solid  state. 
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for  a  fatore  occasion,  when  some  other  volcanic  districts 
have  been  described,  all  general  remarks  upon  the  classification  of 
the  products  of  volcanic  action,  we  may  notice  that  the  modem  lavas 
of  Uie  nor^A^m  fissure  (Stromboli  and  Stromboluzzo)  produce  rocks 
of  the  most  typical  basic  character,  namely,  basalts  and  dolerites. 
Abich*s  analyses  of  these  lavas  gave  the  following  reeolts — their 
specifio  gravity  being  between  2*86  and  2*96. 

LftTE  of  StrombolL    Laym  of  Stromboliisso. 

Silica 60*25  63*88 

Alumina    ^ 13*09  13*04 

Oxide  of  Iron  •••     ^ 10*56  9*25 

Oxide  of  Manganese 0*38  — 

xiinie  •■•     .'••    ■••    •••     •••    •••     ••>  11* lo  7*9o 

Maffnesia ••     •••      9*43  8*83 

Soda  (with  tome  PotMh) 4*92  4*76 

I  WIhB      •••         ■•*         »mm        •••         •••         •••         •••  ^^"  ^   iO 

The  second  of  these  rocks  appears  to  have  undergone  a  certain 
amount  of  alteration. 

These  doleritic  lavas  appear  to  consist  mainly  of  an  aggregation 
of  nearly  equal  proportions  of  crystals  of  Labiadorite  felspar  and 
angite,  to  which  variable  quantities  of  magnetite  and  olivine  are 
added  in  difierent  examples. 

As  is  usually  the  case  with  igneous  rocks  of  basic  composition,  the 
lavas  of  Stromboli  only  very  rarely  assume  the  vitreous  condition. 
The  scoriae  which  are  ejected  from  the  active  crater  of  Stromboli,  at 
intervals  of  a  few  minutes  only,  sometimes  fall  so  near  to  the 
observer  that  he  can  approach  them  while  still  in  a  soft  and  plastic 
condition,  and  thrust  coins  or  other  hard  objects  into  them.  These 
cinders  are  found  on  examination  to  be  perfectly  stony  in  character ; 
but  they  are  completely  full  of  vesicles,  formed  by  the  escape  of 
volatile  materials  from  their  midst,  and  they  usually  inclose  nearly 
perfect  and  very  beautifully  formed  crystals  of  augite — sometimes 
of  considerable  size.  But  besides  the  scoriae,  showers  of  volcanic 
Band  also  fall  around  the  observer  standing  beside  the  crater  of 
Stromboli.  This  volcanic  sand  proves  on  examination  to  be,  like 
the  similar  materials  ejected  from  Mount  Elut  in  Java  in  1864,  and 
from  the  volcano  of  Georg  in  the  Gulf  of  Santorin  in  1866,  both  of 
which  were  submitted  to  microscopical  examination  by  Vogelsang, 
an  aggregate  of  more  or  less  broken  and  rubbed  crystals  of  augite, 
felspar,  olivine,  and  magnetite,  with  comminuted  fragments  of  scoriae. 

Around  the  sides  of  the  crater  of  Stromboli  crystals  of  augite  can 
be  collected  in  great  abundance ;  they  are  usually  macled,  and  some- 
times form  beautiful  stellar  groups  and  other  interesting  com- 
binations. These  are  doubtless  in  part  ejected  directly  from  the 
crater,  but  in  other  cases  result  from  the  breaking  up  of  the  light 
cindery  fragments  in  the  midst  of  which  they  were  inclosed  at 
the  time  of  their  ejection.  That  these  crystals  were  actually  formed 
within  the  volcanic  vent  there  is  not  the  smallest  room  for  doubt. 

That  Stromboli  has  in  comparatively  recent  times  given  forth 
streams  of  basaltic  lava  of  very  considerable  magnitude  is  clear  to 
any  geologist  who  studies  the  fresh  and  undecomposed  fields  ol  l%i^^ 
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(SoiaraB)  whibh  snironnd  the  island.  Sometimes  this  lava  aaanmea 
the  finely  columnar  stmcture  so  common  in  rooka  of  this  olasa. 
Thus,  a  very  fine  serieB  of  columns  is  exhibited  at  Pnnta  Labionao, 
the  northern  point  of  Stromboli,  and  mder  ones  at  Pnnta  del  Uomo* 
on  the  south-east  of  the  island.  On  the  extremest  verge  of  this 
latter  lava-stream  is  situi^ted  one  of  those  little  shrines,  which,  in 
spite  of  the  apparent  inaccessibility  of  its  position,  has  its  burn- 
ing lamp  constantly  replenished.  The  voyager  in  these  seas  is 
startled  when,  on  reaching  these  spots,  the  wild  cries  and  strange 
songs  of  the  boatmen  are  suddenly  hushed,  all  engaging  for  a  few 
moments  in  silent  devotion  to  the  saint  who  is  supposed  to  warn,  by 
means  of  this  primitive  and  not  very  efficient  lighthouse^  the  mariner 
who  approaches'  these  inhospitable  shores* 

The  products  of  the  modem  eruptions  along  the  9aulhem  line  of 
fissure — that,  namely,  which  extends  beneath  the  islands  of  Lipari 
and  Vuloano — ofier,  as  we  have  already  remarked,  the  most  striking 
contrast  to  those  of  StrombolL  These  lavas  belong  to  that  highly 
silicated  class  so  well  illustrated  in  the  Ponsa  Islands,  the  Euganean 
Hills,  and  Hungary.  The  highly  aoid  lavas,  to  which  the  name 
of  quartz-trachyte  is  usually  applied,  but  which  by  Both  were  called 
''  Liparite,"  and  by  Richtofen  "  Rhyolite,"  are  in  their  ultimata 
composition  almost  identical  with  the  granites;  and  when  highly 
crystalline,  are  seen  to  be  composed  oi  predsely  the  same  constituent 
minerals — namely,  several  species  of  felspar,  orthoclase  being  always 
predominant,  free  quartz,  and  variable  quantities  of  hornblende  or 
mica.  By  the  peculiar  arrangement  of  their  materials,  however,  the 
highly  silicated  lavas  are  well  characterized ;  and  in  their  internal 
structure  thoy  present  features  which  almost  always  serve  to  dis- 
tinguish them  from  the  granites,  with  which  they  were  by  early 
geologists  so  frequently  confounded. 

In  illustration  of  the  ultimate  composition  of  these  highly  aoid 
lavas  of  Lipari,  we  give  the  following  analyses  of  Abich,  with  which 
others  by  Berthier  and  Elaproth  closely  agree : 

Obsidian  of  Lipari.        Pomioe  of  Lipari. 

Silica       74-06  78-70 

Alumina 12*97  12*27 

Oxide  of  Iron 2*73  2*31 

Lime •••     ...     •••     ..•  0*12  0*65 

Magnesia 0*28  0*29 

oOua.i*      •••      •••      •••      •••      «««      ,,a  4'l0  4*021 

Potash     6*11  4*73 

Water      0*22  1*22 

Chlorine 0*31  0*31 

The  specific  gravity  of  the  obsidian  is  2*3702,  and  of  the  pumice 
2*3771.  When  in  its  most  completely  stony  condition,  the  rock  has 
a  specific  gravity  of  2*53,  and  consists  almost  entirely  of  oi*thoclase 
felspar,  quartz,  and  hornblende,  in  about  the  following  proportions  : 


Felspar , 

••• 

••• 

••• 

••• 

77  per  cent. 

Quartz 

••• 

••• 

••• 

••• 

18        „ 

Hornhlcndo  or  Mica 

••• 

••  • 

••• 

*•■ 

6 

In  the  less  compact  or  stony  and  more  cavernous  varieties  of 
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Lipante,  the  ordinary  hornblende  and  mica  crystals  do  not  appear ; 
bat  instead  of  them,  we  find  in  the  mass  grains  of  magnetite  with 
groups  of  acicular,  filiform,  or  capillary  crystals,  which  we  should  at 
first  sight  refer  to  Breisldkite,  but  whi(^,  considering  their  association, 
may  probably  be  regarded  as  a  Tariety  o{' hornblende,  bearing  the  same 
relation  to  the  Amphibole  series  which  Breislakite  does  to  the  Pyroxene 
•eriea. 

In  striking  contrast  to  the  basic  lavas  of  Stromboli,  the  highly 
acid  lavas  of  the  Lipari  and  Vulcano  constantly  tend  to  assume  the 
vitreous  condition;  some  of  the  lava-streams  being,  indeed,  com- 
posed of  solid  volcanic  glass.  These  glasses  in  turn  frequently 
•Bsmne  a  more  or  less  pumioeous  structure,  through  the  inflation  of 
their  materials  with  blisters  and  bubbles,  as  a  consequence  of  the  dis- 
engagement of  those  volatUe  constituents  which  the  researches  of  many 
diemists  show  that  obsidians  so  abundantly  contain.  The  cones 
formed  of  the  ejected  fragments  of  these  newer  volcanos  of  Lipari 
•ad  Yoloano  consist  of  fragments  of  typical  pumioe.  So  excellent 
and  abundant  is  the  pumice  of  Campo  Bianco  in  Lipari,  that  it  is 
Bent  to  all  parts  of  the  world ;  and  its  collection,  preparation  by 
drying,  and  exportation,  constitute  one  of  the  most  important  sources 
of  wealth  to  the  islanders. 

Mingled  with  the  white  pumice,  which  constitutes  fragments  of 
every  conceivable  size,  there  occur  numerous  volcanic  bombs,  in 
which  every  stage  of  the  transition  from  obsidian  to  pumice  can  be 
admirably  studied.  The  exterior  surface  of  these  bombs  is  covered 
with  a  crust  of  solid  obsidian,  which  is  usually  cracked  into  a 
number  of  polygonal  fragments  ;  but,  as  we  pass  towards  the  centre 
of  the  bomb,  blisters  gradually  increase  in  number,  till  the  centre  is 
found  to  be  composed  of  a  mass  as  light  and  porous  as  a  sponge. 
Bombs  of  this  character,  sometimes  many  feet  in  diameter,  and 
which  have  been  usually  broken  by  their  fall,  are  found  scattered 
around  the  active  cone  of  Vulcano,  and  are  in  all  probability  the 
product  of  its  last  grand  eruption  in  1786. 

The  wonderful  variety  of  the  acid  rocks  of  the  Liparis  arises  from 
ttie  fact  that  every  possible  gradation  between  the  stony,  vitreous, 
and  pumiceous  characters,  may  be  observed  in  them.  The  liquefied 
material  may,  according  to  the  conditions  of  its  consolidation,  assume 
one  of  three  forms,  Liparite,  Obsidian,  or  Pumice,  or  it  may  form  a 
material  in  which  the  diverse  characters  of  these  three  products  are 
united  in  the  most  singular  and  unexpected  combinations. 

Some  of  these  remarkable  and  interesting  varieties,  which  may  be 
well  studied  at  Rocche  Rosse,  Monte  Perrara,  Monte  della  Guardia, 
Fossa  del  Monte,  Punta  Capparo  and  many  other  points  in  Lipari, 
and  in  the  great  modem  lava  stream  of  Vulcano,  it  will  be  necessary 
briefly  to  notice. 

First  Series. — The  most  perfect  glass  is  found  passing  by  insen- 
Bible  gradations  into  rocks  of  less  strikingly  vitreous  lustre — pitch- 
Btones  or  retinites — and  thence  through  materials  of  pearly  or 
porcellanous  appearance  into  the  most  perfectly  stony  and  crystal- 
line, almost  indeed  granitic,  masses.   This  series  of  changes  va  q^^\;^^ 
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without  the  appearance  in  the  mass  of  any  definite  azraDgements  of 

orystallites.' 

Second  Series. — Maoh  more  frequently,  however,  the  passage  ftom 
the  vitreous  to  the  jstony  series  takes  place  by  the  appearance  in  the 
mass  of  scattered  "  sphasrulites/'  composed  of  radiating  crystals  of 
felspar,  entangling  others  of  quartz,  magnetite,  and  other  minerals. 
Occasionally  these  sphsBrulites  are  found  scattered  in  a  promiscuous 
manner  through  the  vitreous  matrix ;  but,  far  oftener,  they  assume 
very  striking  and  definite  arrangements ;  these  are  dearly  seen  to 
be  the  result  of  the  conditions  of  pressure,  tension,  and  slow- 
dragging  movements  to  which  the  slowly  consolidating  mass  was 
subjected.  Sometimes  the  alternate  laminsB  of  vitreous  or  colloid 
and  stony  or  crystallized  materials  have  assumed  a  parallel  arrange- 
ment, and  the  rock  is  almost  as  perfectly  deaved  as  a  piece  of  slate ; 
at  others  they  assume  all  the  beautiful  wrinklings  and  corrugations 
so  characteristic  of  metamorphic  foliated  schists.  The  light  which 
these  remarkable  products  Uirow  upon  the  mode  of  formation  of 
many  of  the  older  rocks  will  be  illustrated  on  a  future  occasion. 

Third  Series. — ^At  times  the  obsidian  base  of  the  rock  is  porphy- 
ritic,  that  is  to  say,  it  has  crystals,  often  large  and  well  formed,  most- 
commonly  of  bnlliant  sanidine,  but  not  unfrequently  of  quartz, 
hornblende,  or  black-mica,  floating  through  its  mass.  It  then  as- 
sumes the  characters  of  an  *'  obsidian-poiphyry  "  (porphyritio 
obsidian).  No  one  can  study  this  rock,  as  exhibited  in  Lipari, 
without  being  convinced  that  the  crystals  which  it  contains  were 
ejected,  ready-formed,  with  the  lava  as  it  issued  from  the  volcanic 
vent.  Not  only  is  there  no  trace  of  crystals  in  various  stages  of  form- 
ation, as  in  the  case  of  the  spbaerulites,  etc.,  but  sometimes  pumiceons 
masses,  evidently  blown  out  of  a  volcanic  vent,  may  be  found  en- 
tangling just  such  perfect  crystals.  We  shall  not  at  present  enter  on 
the  discussion  of  those  interesting  problems  which  the  phenomena  of 
these  peifect  crystals  of  minerals  of  such  different  degrees  of  fusi- 
bility, floating  in  the  same  liquefied  highly  siliceous  magma,  must 
suggest  to  every  geologist  We  shall  only  notice,  in  this  place,  that 
the  combinations  of  these  ejected  crystals  with  those  gradually 
developed  in  the  mass  by  the  growth  of  crystallites,  the  whole 
modified  by  the  peculiar  mechanical  conditions  to  which  the  masses 
have  been  subjected,  result  in  the  formation  of  rocks  of  wonderful 
diversity,  exquisite  beauty,  and  remarkable  suggestiveness  to  the 
petrologist. 

Fourth  Series. — Fresh  complexities  of  rock  structure  are  originated 
and  new  varieties  of  lava  produced,  when,  in  either  of  the  kinds 
already  noticed,  disengagement  of  volatile  materials  in  the  midst  of 
the  mass  began  to  take  place.  The  vesicular  cavities  thus  originated 
were  variously  modified  by  the  strains  and  movements  to  which  the 
plastic  mass  was  subjected.  Tlie  most  stony  and  highly  crystalline, 
as  well  as  the  most  vitreous  varieties  of  these  lavas,  are  thus  affected 

>  The  exceedingly  beautiful  and  clear  obsidian  of  Lipari,  like  that  of  Mexico,  has 
been  employed  by  the  ancient  inhabitants  of  the  island  for  cutting  instruments  and 
iveapons. 
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by  the  more  or  less  complete  disengagement  of  their  volatile  con- 
stituents ;  and  while  in  the  former,  cavities  originate  which  are 
occasionally  lined  with  the  most  beautifully  developed  crystals  of 
the  component  minerals  of  the  rock, — in  the  latter,  a  laminated  struc- 
ture is  produced,  the  planes  of  which  sometimes  coincide  with,  but 
not  imfrequently  cross,  those  produced  by  the  devitrification  of  the 
mass  under  pressure. 

Bnt  this  attempt  at  a  classification  is  far  from  exhausting  the  varieties 
of  the  beautiful  quartz-trachytes  of  LiparL  New  forms  are  originated 
throngh  masses  of  obsidian  being  broken  up  and  entangled  in  a  stony 
matrix,  or  by  glassy  streams  enveloping  stony  or  perlite  fragments, 
or,  as  is  not  unfrequently  the  case,  by  their  catching  up  in  their  flow 
angular  fragments  of  lavas  of  different  composition,  and  belonging 
to  earlier  periods  of  eruption.  Thus  are  originated  the  most  singular 
breociated  structures,  and  rocks  of  very  peculiar  and,  at  first  sight, 
puzzling  character  are  produced. 

When,  however,  these  rocks  are  studied  by  the  aid  of  the  micro- 
scope, new  features  of  interest  continually  make  their  appearance, 
only  a  very  few  of  which  it  will  be  possible  to  notice  in  this  place. 

In  the  most  clear  and  translucent  volcanic  glasses  which  have  yet 
been  examined,  the  beginnings  of  the  process  of  devitnfication  can 
always  be  detected.  Minute  acicular  crj'stals  of  felspar  (Belonites) 
are  seen,  which,  in  a  later  stage  of  development,  assume  rectangular 
forms  and  ruin-like  terminations,  and  thus  gradually  approximate 
to  the  ordinary  characters  of  sanidine  crj'stals.  Other  acicular  or 
filiform  crystals  of  hornblende  (Trichiles)  appear  and  combine  into 
radiating  groups  or  tree-like  masses  of  marvellous  beauty.  Where 
these  crystals  reach  the  surface  of  a  cavity  in  the  lava,  free  develop- 
ment of  them  often  takes  place,  and  we  are  enabled  to  study  their 
nature  and  characters  with  the  greatest  facility. 

Most  frequently,  however,  the  crystals  unite  in  radiating  masses, 
giving  rise  to  those  globular  concretions  known  as  spharuliles.  In 
some  cases  the  formation  of  these  sphaerulites  has  been  determined 
by  the  liberation,  in  the  midst  of  the  vitreous  mass,  of  an  infinitesimal 
bubble  of  volatile  matter.  By  the  development  of  these  crystalline 
globules  with  such  exquisitely  beautiful  concentric  and  radiated  in- 
ternal structures,  the  peculiar  forms  and  distinctive  opalescent  lustre 
of  "  perlite  "  is  originated. 

Nowhere,  perhaps,  can  better  materials  be  found  for  illustrating 
the  development  of  these  peculiarly  interesting  structures  in  vitreous 
rocks  than  in  Li  pari.  Some  of  the  pearl  stones  of  this  island,  as,  for 
instance,  that  of  the  lava-stream  above  Canneto,  contain  sphaerulites 
of  the  size  of  peas.  To  attempt  anything  like  an  adequate  account 
of  the  varieties  assumed  by  the  crj'stalline  interiors  and  senii-vitreous 
envelopes  of  these,  would  require  numerous  figures  and  an  amount  of 
detailed  description  which  would  be  out  of  place  in  these  sketches. 

It  is  in  the  northern  part  of  Lipari  that  we  find  the  best  examples 
of  the  volcanic  cones,  craters,  and  lava- streams  of  the  latest  period 
of  eruption  in  the  Lipari  Islands. 

Supposing  a  furnace  containing  many  millions  of  tona  oi  Wc^vx^^^ 
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glass  were  allowed  to  pour  forth  its  oontents  in  a  stream  extending 
to  a  length  of  some  miles,  and  to  a  thidkness  of  hondreda  of  feet, 
what  would  he  the  nature  of  the  phenomena  attending  its  ontborst, 
and  of  the  products  which  would  result  from  its  gradual  solidification? 

This  is  no  idle  problem ;  for  the  solution  of  it  maj  be  foond  by 
the  geologist  at  Gampo  Bianoo  and  Rocche  Rosse. 

Campo  Bianco  or  Monte  Pelato  is  a  volcanic  mountain  (see  Fig.  8), 
composed  entirely  of  the  whitest  fragmentary  pumice,  the  highest 
portion  of  the  crater-ring  of  which  rises  to  the  height  of  more  than 
1500  feet  above  the  sea-lcTel.  This  is  partially  embraced  (as  is 
Yesuyius  by  Somma)  by  tiie  relics  of  an  older  and  far  larger  cone 
of  the  same  materials,  which  culminates  in  Monte  Ghirien,  haying 
an  elevation  of  nearly  2000  feet.  The  soft  white  pumice  tuffs  of 
the  flanks  of  both  these  cones  have  suffered  greatly  from  denuding 
forces,  acting  on  their  light  and  incoherent  materials,  and  giving 
rise  to  those  long  furrows  producing  the  "  umbrella  form "  which 
is  admirably  exemplified  in  them.  The  crater  of  Campo  Bianco 
presents  at  its  bottom  a  flat  plain,  covered  with  comminuted 
pumice-tufis,  and  now  forming  a  most  productive  vineyard  at  a 
level  of  892  feet  above  the  sea ;  its  walls  rising  almost  vertically 
around  it  to  heights  of  from  400  to  600  feet  on  the  northern, 
western,  and  southern  sides.  On  the  north-eastern  margin  of  this 
crater,  however,  a  petrified  cascade  of  vitreous  lava  rises  100 
feet  above  the  crater-floor,  and,  sweeping  away  all  that  side  of 
crater-wall,  has  poured  with  a  current,  half  a  mile  in  breadth,  down 
to  the  sea.  This  lava-stream,  now  covered  with  a  reddish-brown 
coating  from  the  oxidation  of  ita  iron,  is  the  Rocche  Rosse.  Near  the 
point  where  it  issues  from  the  crater,  a  deep  "booca"  exists,  once 
evidently  the  place  of  discharge  of  powerful  steam-jets — ^now  an 
awful  pitfall,  which  the  islanders  avoid  and  speak  of  with  terror. 
The  surface  of  the  lava  presents  a  most  striking  example  of  those 
rugged  cooled  surfaces,  like  the  Cheires  of  the  Auvergne,  and  pre- 
sents one  of  the  wildest  and  most  desolate  scenes  which  it  is  possible 
to  imagine.  The  traversing  of  it  is  in  many  places  a  very  di£Bcult 
task. 

Other  similar  cones,  craters,  and  lava-streams  abound  in  Lipari. 
On  the  western  side  of  Monte  Ghirien,  at  an  elevation  of  more  tlian 
1700  feet,  is  a  second  crater,  much  ruined,  that  of  the  Piano  dell' 
altra  Pecora ;  and  on  the  south  side  of  Gampo  Bianco  is  another, 
that  of  Forgia  Vecchia,  or  Monte  Perrara,  at  an  elevation  of  968 
feet,  from  which  another  stream  of  vitreous  lava  flows  to  the  sea. 
At  the  head  of  this  lava-stream  no  less  than  three  mouths  com- 
municating with  abysses  of  unknown  depth,  similar  to  that  of  the 
Rocche  Rosse,  are  seen.  They  doubtless  mark  the  sites  of  explosive 
discharges  of  steam.  At  Ganneto  is  an  older  stream  of  perlite,  which 
probably  flowed  before  the  present  crater  of  Gampo  Bianco  was 
formed. 

The  craters  of  the  southern  part  of  the  island  of  Lipari  give  rise 
to  lavas  similar  in  composition  to  those  of  the  north  end  of  the 
island.     In  the  former,  however,  the  stony  characters  predominate 
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over  the  glassy,  while  in  the  latter  the  reverse  is  the  case.  Old 
craters  can  be  traced  at  Fossa  del  Monte,  Monte  della  Guardia,  and 
other  points  in  the  district. 

Some  of  these  lavas  have  undergone  a  certain  amount  of  alteration 
from  the  passage  through  them  of  acid  gases,  as  is  shown  by  the  fol- 
lowing analysis  by  Abich  of  a  Liparite  from  Monte  della  Guardia : 

OlLlvtt       •••        •••        •••        •••        •••        •••        •••        •••        •••        OO  09 

^111ID1D&  •..       ...       ...       ...       •••       ..*       •••       >••       Iw'vZ 

Oxide  of  Iron      2*28 

Magnesia      2*20 

MrOinoU    ...       ..•       ...       ...       ...       ...       ...       •«.       ...  w  ^v 

%J\^\AMm  •••     •««     •••     •••     •••     •••     •••     •••     •••       Y  «l V 

Volatile  materialB,  principally  Sulphur  and  Sul- 
phuric Acid  4*64 

While  the  action  of  tiie  acid  gases  upon  the  ordinary  traehyte$  of 
the  second  period  of  eruption  in  Lipari  gives  rise  to  the  formation 
of  selenite  and  basic  sulphates  of  iron, — sulphate  of  alumina  and 
free  sulphur  are  the  products  of  the  same  action  on  the  later  formed 
quartz- trachytes. 

To  those  who  regard  the  fluidity  of  lava  as  the  result  of  simple 
fusion,  nothing  can  be  more  startling  than  the  behaviour  of  these 
obsidian  currents  of  LiparL  While,  as  is  well  known,  some  of  the 
highly  crystalline  lavas  of  Vesuvius  have  flowed  with  the  most 
astonishing  rapidity,  these  glassy  masses  have  evidently  possessed 
only  the  most  imperfect  fluidity.  In  proof  of  their  viscosity  I  may 
point  to  the  manner  in  which  the  modern  obsidian  stream  of  Vulcano 
is  confined  to  the  steep  slope  of  the  cone,  at  the  bottom  of  which  it 
has  piled  itself  up  in  great  hummocky  masses,  instead  of  spreading 
out  in  a  fan-shaped  manner,  or  continuing  to  flow  in  a  stream  over 
the  smaller  slopes.  The  same  fact  is  more  or  less  strikingly  illus- 
trated by  all  the  glassy  lava-streams.  But  even  more  decisive 
evidence  of  this  slow  movement  of  the  obsidian  lavas,  and  of  the  vast 
amount  of  tension  and  pressure  to  which  their  masses  have  been 
subjected,  is  afforded  by  their  internal  structure.  Every  conceivable 
condition  of  plication,  crumpling  and  puckering,  is  illustrated  by  the 
sections  afforded  either  in  sea-cliffs  or  the  ravines  cut  by  mountain 
torrents  in  these  obsidian  lavas.  The  appearance  presented  at  two 
different  portions  of  the  same  lava-streams,  as  exposed  in  a  steep 
escarpment  at  Porto  delle  Genti,  south  of  the  city  of  Lipari,  are 
shown  in  Fig.  9 :  in  A  the  mass  has  been  bent  into  large  but  sharp 
folds ;  in  B  the  folding  has  been  accompanied  by  the  most  intense 
crumpling  and  puckering.  As  we  shall  show  on  a  future  occasion, 
these  mechanical  forces  have  combined  with  the  forces  producing 
devitrification  to  produce  some  most  interesting  phenomena  in  the 
minute  internal  structure  of  the  rocks. 

There  can  be  little  doubt  that  the  last  great  effort  of  volcanic 
activity  in  the  island  of  Lipari  was  that  which  produced  the  present 
crater  of  Campo  Bianco,  and  the  lava-stream  of  Rocche  Rosse.  In 
spite  of  traditions  and  obscure  historical  allusions,  I  find  it  difficult 
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»  believe,  bo  mnch  have  the  hand  nusees  of  lavs  snffered  in  places 
both  from  marine  anil  eabaerial  deundatioD,  that  any  record  of  thia 
{Teat  eruption  cau  have  snrrived. 


Fn.  9.  BMtloM  of  qurU-tnehTie  (lipiriu)  Un-itreum  nt  Potto  delleGcDtl.  Ulmlniing  Ibc 
^Idlsc  ud  cnitBpIin^  ol  Ibar  interior  partiaiu,  produced  by  tb«  ilow  inaT«ni«nl  of  tbe  tikoiu 
BAIL    A.  Exhitnu  a  wriH  of  bnud  fbldj.    B.  A  ■cri«  at  Ufiflt  cdrnpLLcAted  packrriDgfl,  exuUj 


To  their  permeatiou  by  gases  and  vapoura,  probably  during  the 
latest  period  of  eruption,  the  altered  trachytes  and  tuSe,  with  their 
reina  of  eelenite  and  other  minerals,  are  probably  due.  Only  two 
rente,  constitating  the  dying  efforts  of  Tolcanic  activity,  once  so 
powerful  in  this  island,  still  remain,  being  situated  on  ita  western 
tide ;  one  of  these  is  at  Bagno,  or  la  Fonte  di  San  Calogero,  and 
^ves  rise  to  a  hot  mineral  spring ;  the  other  is  at  Sagno  Secco,  a 
little  to  the  northward,  and  only  dry  stream,  charged  with  hydro- 
:hloric  and  sulphurous  acid  gases,  is  evolved  from  it. 

The  hot  spring  of  San  Calogero  has  long  been  celebrated  for  its 
3uraHve  properties,  having  been  mentioned  by  Diodoms  Siculus ;  in 
18T0  a  bath-house  and  hotel  were  erected  hero  by  the  municipality 
>f  Lipari.  In  a  medical  tract  by  Dr.  Guiseppe  Eincotta,  the  use 
nt  these  waters  in  various  rheumatic  and  cutaneous  affections  is 
itated  to  be  attended  with  the  most  beneficial  results. 

The  water,  which  has  a  temperature  of  198°  F.,  that  of  the  aur- 
ronnding  atmosphere  being  77^,  has  been  analyzed  by  Dr.  Ferdinando 
Rodriguez,  and  also  by  Prof.  Guiseppe  Arrosto,  of  the  University  of 
Uessina.  It  contains  free  carbonic  acid  and  sulphuretted  hydrogen, 
irith  the  carbonates  of  lime  and  magnesia,  and  chlorides  of  calcium 
md  sodium,  and  a  little  organic  matter. 

The  following  is  the  result  of  Trot  jirrosto's  analyeia  ■. 
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Oiygwi      • •••  O'OOST 

Nitrogen    •«•    •••  0*0128 

Carbenio  Add 0-2768 

Snlphurio  Acid  •« 1*8848 

Bilioio  Aeid •..    0*0083 

Chlorine     8*8880 

jmiDe     •••        •••        ■••        ««•        •(•        aaa        «••        «■•  U  OXOO 

Magneiia    0*8219 

A   VvWUa  ••  •••  •••  •••  •••  »••  »••  •••  V     aWS 

lvVU88       •••  •■•  •••  •■«  •■•  •••  •••  ••■■  4    8 WAV 

Iron,  Organic  labftanoei,  and  Alnminm  ... 


Total  lolid  andgaaeonf  substances 9-7701 

water 990*2299 


Total    10000000 

The  water  depo8it8  upon  the  walla  and  pipea  of  the  bath-hooae  a 
thick  white  incrustation. 

Of  the  more  active  and  very  atriking  manifeatattona  of  Tolcanic 
activity  at  the  present  time  in  the  Lipari  Islands  we  ahall  treat  in 
succeeding  chapters,  which  we  propose  to  devote  to  the  description 
of  the  remarkable  active  volcanos  of  Vuloano  and  Stromboli. 

^2b  be  eoHtinue4  in  our  mxt  JTumiirJ 
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III. — A  Chaptxb  in  the  Histobt  of  MsriOBiTsa. 

By  Waltbb  Flight,  D.Sc,  F.G.8., 

Of  the  Department  of  Mineralogy,  British  Museum ; 
Assistant  Examiner  in  Chemistry,  Uniyersity  of  London. 

{Continued  from  page  80.) 

1870,  January  23rd. — ^Nidigullam,  near  Parvatypore,  Yizagapatam 
District,  Madras.    [Lat.  IB''  4r  20^'  H. ;  Long.  83"  28^  3V'  R] ' 

A  meteoric  iron,  weighing  407  tolas  (about  10  lbs.),  fell  at  Nidi- 
gullam,  and  penetrated  the  ground  to  the  depth  of  twenty  inches. 
Those  who  saw  the  meteor  describe  it  as  very  large  and  beautiful, 
and  as  exhibiting  increased  brilliance  when  it  burst.  The  explosion 
was  followed  by  a  series  of  rumbling  noises.  The  meteorite  passed 
over  Parvatypore  from  N.  to  S.  ;  the  people  of  the  village  were 
greatly  alarmed,  and  one  man,  near  whom  it  fell,  was  stunned.  The 
villagers  ''carried  it  o£f  to  their  temple,  and,  much  alarmed,  were 
found  making  piija  to  it."  The  author  of  the  notice  in  the  FroceedingB 
considers  that  this  aerolite  contains  no  stony  matter,  and  he  states 
that  it  is  marked  with  strisa  lying  obliquely  to  its  greatest  length, 
which  is  6^  inches.  The  lamented  Dr.  Stoliczka,  however,  was  of 
opinion,  from  the  description  of  the  striation,  that  it  is  a  stone  con- 
taining much  iron,  ''like  the  Mooltan  aerolite  which  fell  some  short 
time  ago.*' '  If  it  be  metallic  throughout,  as  Saxton  asserts,  it  is  the 
third '  iron  recorded  to  have  fallen  in  India,  and  one  of  the  very  few 

»  G.  H.  Saxton.  Proc,  Aeiat.  Soe,  Bengal,  1870,  64.— This  fall  is  stated  by  Mr. 
OrGp,in  the  Beport  Brit,  A»»oe,,  1870,  to  have  taken  place  December  26th,  1869. 

'  This  is  probably  the  meteorite  of  Lodran  whion  fell  1st  October,  1868  (see 
Part  II.). 

'  2'he  second  is  that  found  at  Frftmbanan,  Soerakarta,  Jara,  in  1865 ;  if  we  includs 
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the  deaoent  of  which  has  been  witnened.  Among  these  tbit  few  is 
the  iron  of  Jnlliincler  (Jelimdher),  Lahore,  the  hiatoiy  of  which  has 
quite  recently  been  studied  by  H.  Blochmann.^  According  to  the 
Igbalnamah  i  Jahanghi,  a  dreadful  ezploeion  was  heard  in  a  village 
near  Jnllunder  on  the  morning  of  the  10th  April,  1621  (old  style),* 
and  "  a  lightning-like  lustre  shot  along  the  heaTen  and  descended  to  the 
earth,  and  disappeared.**  Muhammad  Sa'id,  the  Collector  of  Jullunder, 
rode  to  the  spot,  and  ordered  the  burnt  g^und  where  the  meteor 
struck  to  be  dug.  The  deeper  his  men  dug  the  hotter  and  crisper 
the  ground  became  "  till  they  alighted  on  a  lump  of  iron,  which  was 
so  hot  that  it  seemed  to  have  come  that  very  moment  out  of  the 
oven.  His  Majesty  (Jahangir)  sent  for  Ustad  Ddud,  who  was  well- 
known  in  those  days  for  the  excellent  sword-blades  that  he  made, 
and  ordered  him  to  make  the  lump  into  a  sword,  a  dagger,  and  a 
knife ;  but  the  iron  would  not  stand  the  hammer,  and  crumbled  to 
pieces."  *  He  mixed  the  meteoric  iron  {aham  i  harg,  lightning  iron) 
with  common  iron,  and  forged  the  weapons.  This  meteorite  is  caloa- 
lated  to  haTe  weighed  5*27  lbs.  Troy. 

1870,  Jnne  17th,  S  p.m.— Ibbenbiihren,  Westphalia.* 

This  stone  was  seen  to  fidl.  It  is  stated  that  a  flash  of  light  was 
succeeded  in  about  one  minute  by  a  noise  as  of  thunder,  which 
attracted  the  attention  of  many  persons  within  a  radius  of  some  three 
miles,  and  three  minutes  later  the  stone  was  seen  to  fall  by  a  peasant 
distant  some  hundred  paces.  It  entered  the  ground  to  the  depth  of 
0*7  metre  in  a  well-trodden  footpath ;  a  fragment  (30  grammes)  was 
afterwards  found  300  to  400  paces  from  the  spot.  The  meteorite, 
which  weighs  2-034  kilog.  and  is  almost  perfect,  has  the  form  of  a 
flattened  spheroid;  and  the  black  crust,  which  is  somewhat  less  than 
0-1  mm.  thick,  bears  on  its  surface  a  great  number  of  very  minute 
'  ridges  of  fusion '  that  are  less  marked  than  in  the  aerolites  of  Stannem 
and  Pultusk.  On  the  posterior  portion  of  the  stone  the  fused  matter 
has  streamed  along  the  surface.  The  stone,  moreover,  exhibits 
curious  depressions,  resembling  the  marks  which  are  made  by 
fingers  on  a  plastic  mass. 

The  body  of  the  stone  is  of  a  remarkably  light  colour,  and  consists 
of  a  greyish-white  granular  mass,  through  which  are  very  unequally 
distributed  numerous  large  and  small  grains  of  a  light  yellowish- 
green  mineral.  Some  attain  a  size  of  3  mm.,  and  all  that  were 
examined  were  so  deficient  in  crystal -faces,  and  even  in  cleavage- 
planes,  that  an  accurate  determination  of  their  form  could  not  be 
made;  judging  from  the  cleavage,  however,  this  mineral  appears  to 

under  the  word  *  India '  not  only  the  British  possessions,  hut  the  foreign  settlements 
in  the  Indian  Archipelago. 

>  H.  Blochmann,  H-ocAtiat.  Sae.  Bengal,  1869,  167. 

s  This  fall,  in  Mr.  Greg's  Catalogue,  bears  the  date  April  17th,  1620. 

'  Compare  with  Mallet's  experiments  in  forging  the  meteoric  iron  of  Angasta 
County.    (See  page  28). 

«  6.  Vom  Rath.    MonaUbtr,  Ak.  Wiat.  Berlin,  1872,  27  ;  Boqq,  Awn.^  oItL^ 
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be  rhombio.    It  haa  a  apecifio  gravity  of  8*42  and  the  fiiUowiiig 

composition : 

Bilide  acid       

Iron  protoxide ...  ^ 
Manganese  protozido  ... 

Magnesia  

Jiine     ■••        •••        ..a 
AluminA  •••        ••• 

101-06 

or  that  of  a  bronzite  of  the  form  (f  FeOf  MgO)SiO,. 

The  pale  grey  very  friable  interstitial  matter,  freed  as  ihoroagbly 
as  possible  from  the  grains  of  bronzite,  was  next  examined.  The 
speoifio  gravity  is  340,  and  the  mean  composition  of  two  analysea  is 
as  follows : 

Silicic  acid 

Iron  protoxide 

Mangianese  protoxide  ...  0*28        ...  ^^(  14*72 

Magnesia         ...        ...        ««-•«  ia.^« 

j^nie     ...        ...        ••• 

Alumina  

100-47 

It  is  seen,  then,  that  the  interstitial  mineral  and  the  grains  have 
the  same  composition,  and  that  the  constitution  of  the  Ibbenbiihren 
meteorite  is  one  of  the  simplest  of  any  meteorite  yet  investigated. 
It  not  only  consists  essentially  of  a  single  silicate,  but  contains 
neither  cliromite,  magnetic  pyrites,  nor  sulphur  compound  of  any 
kind.  A  trace  of  metallic  iron  was  met  with,  and  some  reddish- 
yellow  grains  with  a  brilliant  surface,  which  have  not  been  ex- 
amined. Can  they  be  the  curious  mineral  found  in  the  stone  of 
Busti,  which  appears  to  be  a  compound  of  zirconium  (or  titanium), 
calcium,  and  sulplmr?  The  black  crust  is  strongly  magnetic,  some 
of  the  iron  protoxide  of  the  bronzite  having  been  converted  during 
the  passage  of  the  stone  through  the  atmosphere  into  the  higher 
and  magnetic  oxide. 

While  this  meteorite  very  nearly  resembles  that  of  Manegaum,  it 
approaches  still  more  closely  in  composition  to  the  bronzite  of  the 
Shalka  stone.  It  will  be  remarked  that  the  meteoric  bronzites  far 
exceed  terrestrial  bronzites  as  regards  their  per-centage  of  iron  oxide. 

Wo  now  know  four  aerolites  consisting  of  a  single  silicate : 

Chossigny  (1815,  October  3rd)       Olivine. 

Bishupville  a843,  March  25th)      Enstatito. 

Manep^um  (1843,  June  29th) \  n_-_  -i^ 

Ibbenbuhrcn  (1870,  17th  June)     j  uronzice. 

Vom  Rath's  paper  is  illustrated  with  a  drawing  of  the  stone. 

In  a  short  supplement  in  Foggendorff^s  Annahn  is  given  a  brief 
description  of  a  microscopic  section  of  this  stone,  prepared  by 
Buchner,  of  Giessen.  The  entire  slice  is  seen  to  be  made  up  of 
rounded  bronzite  grains,  without  any  heterogeneous  ground  mass  unit- 
ing them.    By  rotating  the  Nicols  the  most  brilliant  play  of  colours  is 
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observed,  the  entire  atone  presenting  orystalline  characters.  LitUe 
clefts  filled  with  fused  material  cross  the  field  in  every  direction. 
Two  veiy  small  red  grannies  were  observed  in  the  bronzite  ;  their 
composition  is  not  known.  Similar  bright  coloured  grains  have 
been  met  with  in  meteorites  by  Wdhler  and  other  observers. 

1870,  October  27th,  8  a.m.— Forest,  Ohio,    flat  WWV.\ 

Long.  84^  4a  W.]  > 

The  meteor  exploded  with  a  report  like  that  of  a  heavy  siege  gon, 
followed  by  two  or  three  reports  in  rapid  succession.  The  firmest 
houses  were  shaken  to  the  foundations,  and  thousands  of  sleepers 
aronsed  in  an  instant.  People  awake  at  the  time  were  startled  to  see 
the  night  suddenly  lighted  into  day  and  again  relapse  in  darkness. 
The  time  between  the  extinction  of  the  light  and  the  sound  of  the 
explosion  is  estimated  at  from  one  minute  to  half  a  minute.  An 
observer  at  Patterson,  a  mile  from  Forest,  states  that  the  meteor 
came  from  the  direction  S.  35°  W.  The  descriptions  of  its  size  are 
of  the  usual  vague  kind :  one  man  makes  it  as  large  as  a  beer-keg, 
another  as  a  load  of  hay,  while  a  third  observed  a  tail  thirty  feet 
long  and  three  feet  wide ! 

The  report  appears  to  have  been  heard  for  fifty  miles  around,  if 
not  at  still  greater  distances.  No  fragments  of  the  meteorite  have 
been  found. 

Found  1870. — Kokomo,  Howard  Ck).,  Indiana.* 

A  piece  of  meteoric  iron  was  found  in  plastic  clay  under  a  bed 
of  peat.  It  is  described  as  a  flattened,  irregularly-shaped  mass, 
rounded  on  one  side  and  concave  on  the  other.  It  is  5  inches  long, 
3}  inches  wide,  and  Y-f-^  inches  thick ;  and  it  weighs  4  lbs.  1^  oz. 
It  is  granular,  like  fine  steel,  and  is  malleable ;  and  though  harder 
than  common  iron,  can  be  wrought  into  any  form.  No  quantitative 
analysis  of  this  iron  has  yet  been  made,  but  the  presence  in  it  of  the 
following  elements  has  been  determined :  nickel,  cobalt,  tin,  carbon, 
phosphorus,  and  perhaps  sulphur.  By  acid  the  Widmannstiittian 
figures  are  developod  in  great  perfection. 

Found  1870.— Ilimae,  Desert  of  Atacama,  Chili.    [Lat.  28^  S. ; 

Long.  70^  W.] ' 

This,  the  most  recent  addition  to  the  little  group  of  irons  and 
siderolites  which  have  from  time  to  time  been  found  on  the  desert 
and  Cordilleras  of  Atacama,  in  about  the  latitude  of  the  Tropic  of 
Capricorn,  partly  in  Chili  and  partly  in  Bolivia,  was  acquired  for  the 
Vienna  Collection  in  1870.  It  is  a  very  interesting  specimen  of 
meteoric  iron,  apparently  nearly  complete,  and  weigliing  about  51 
kilog.  It  bears  a  rough  resemblance  to  a  shield,  being  convex  on  one 
side,  somewhat  hollow  on  the  other. 

Over  the  entire  concave  side  are  shallow  hollows  from  3  to  4  cm. 

*  J.  L.  Smith.    Amer.  Jour,  Se.,  1870,  xlix.  139. 
'  E.  T.  Cox.     jimer.  Jour.  Sc,  1873,  t.  155. 

*  G.  Tschcrmak.    Denktchrift  Wien.  Akad.  Math,  Naturw.  Clatsf^  xxxi.  18T.^ 
E.  Lodwig.     Silt.  Wien,  Akad,,  Ixiii.  323. 


74  Dr.  WaUer  Fliff hi— History  qf  MOemteB. 

in  breadth,  and  tbeae  in  torn  are  marked  with  tmaller  hollows. 
The  whole  snrfaoe  is  also  covered  with  three  systems  of  fine  parsllel 
lines,  forming  a  network;  two  of  these  are  at  once  apparent,  the 
third  only  after  careful  inspection :  they  are  WidmannsUttian  figures 
developed  by  the  natural  oxidation  of  the  surfeoe.  The  positions 
of  the  blunted  edges  between  the  shallow  cavities  are  seen  to  be 
closely  connected  with  the  course  of  these  traversing  lines,  and  the 
entire  meteorite  is,  as  regards  its  crystallographio  characters,  formed 
alike  throughout. 

The  second  side  exhibits  sharper  ridges  and  a  greater  number  of 
the  smaller  hollows,  which  are  only  one-fourth  or  one-third  the  size 
of  those  on  the  concave  surface,  and  have  much  steeper  sides.  Hers 
also  is  seen  the  network  of  lines,  still  more  distinct  and  traversing 
corresponding  directions.  Two  systems  intersect  at  an  angle  of  about 
70° ;  the  thi^,  which  is  Only  occasionally  visible,  forms  equal  angles 
with  the  other  two.  If  these  lines  be  sketched,  as  has  been  done  by 
TBchermak  in  his  memoir,  it  becomes  apparent  that  they  correspond 
with  alio  face  (rhombic  dodecahedral  face)  on  meteoric  iron,  which 
in  the  Widmannslaltian  figure  is  an  isosceles  triangle,  with  the  angle 
of  the  apex  equal  to  70°  32".  The  lines  or  lamelko  forming  the  equal 
sides  of  the  triangle  are  perpendicular  to  the  110  face,  while  the 
lamellsB  of  the  thi^  system  form  with  the  110  face,  angles  of  85°  16' 
and  H4°  44'.  It  thus  becomes  clear  why  it  is  that  the  lines  inclined 
to  each  other  at  an  angle  of  70°  stand  out  so  distinctly,  while  the 
others  are  less  readily  detected :  the  former  meets  the  cut  surfjEtce 
perpendicularly,  the  latter  at  a  comparatively  slight  inclination. 

The  original  surface  is  gone,  but  it  was  probably  pitted,  and  the 
iron  presents  the  appearance  of  having  at  one  peiiod  formed  portion 
of  a  larger  mass.  In  the  different  characters  of  the  hollows  on  the 
two  sides,  it  bears  a  general  resemblance  to  the  Agram  iron,  on 
which  von  Widmannstktten  in  1808  first  developed  the  figures  that 
bear  his  name. 

This  aerolite,  mineralogically  considered,  contains  :  iron ;  nickel- 
iron  ;  schroibersito ;  and  troilite. 

The  iron  occurs  in  three  distinct  forms :  as  beam-iron  {Ballceneisen) ; 
as  tanite  or  fillet-iron  {Bandeisen) ;  and  as  interstitial  iron  (Fulleisen)} 

The  beam -iron  is  seen  on  an  etched  surface  in  the  form  of  long 
stripes,  which  often  extend  right  across  it;  they  are  1  mm.  and 
sometimes  2  mm.  in  breadth,  and  occupy  the  greater  part  of  the 
surface,  traversing  it  in  three  directions.  One  of  these  intersects 
a  second  at  an  angle  of  about  83°,  and  the  third  at  about  97°.  If  the 
cut  surface  were  parallel  to  a  cubic  face,  only  two  of  these  directions 
would  be  seen,  and  they  would  intersect  at  an  angle  of  90°.  The 
face  of  the  section,  however,  happens  to  lie  somewhat  out  of  the 
plane  of  the  (100)  face,  and  is  nearly  parallel  to  the  face  of  a 
leucitoid  (811),  for  which  face  the  angles  of  the  trapeze,  in  Tscher- 
mak's  drawing,  are  82°  69^  and  97°  1'. 

^  Von  Rcichenbach  distinguished  four  varieties  of  iron  developed  by  etching: 
Balkencisen,  or  kamacitc ;  Bandcisen,  or  tXnite ;  Fiilleiscn,  or  pleasite ;  and  Ghuu* 
eiaen,  or  lamprite  (Fogg,  Ann.,  cxiv.  99). 
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If  etched,  tiie  beam-uon  takes  a  eet  Instre,  which  Haidingw  termed 
dyetalliiie  li^Tn^lriniiig  Each  stripe,  when  viewed  in  partionlar 
directions,  exhibits  a  sheen,  in  intervening  directions  appearing 
doll;  all  fltnpes  have  not  the  same  orientation  of  the  lustre,  a 
group,  irr^nlarly  distributed,  always  -  shining  forth  at  the  same 
moment  A  single  stripe  of  this  form  of  iron,  if  only  slightly 
etdied,  exhibits,  under  the  microscope,  very  fine  etched  figures  of  two 
kinds :  fine  threads  0-01  mm.  broad,  which  are  straight  along  one 
side  and  serrated  on  the  other;  they  have  the  same  habit  and 
trsTerse  the  same  directions  as  the  etched  lines  that  were  first 
observed  in  the  Braunau  iron.^  These  threads  are  the  sections  of 
lamellaB  which  are  inclosed  in  definite  crystallographic  orientation 
in  the  beam-iron.  When  one  of  them  meets  a  plate  of  tanite,  the 
former  is  as  a  rule  terminated,  not  nnfrequently  to  be  continued  in 
tiie  next  stripe  of  beam*iron ;  some,  however,  which  meet  a  fillet  of 
tanite  at  an  angle  of  about  70°,  are  seen  to  pass  through  the  last- 
mentioned  mineral.  The  other  appearance,  developed  by  slightly 
etching  the  beam-iron,  consists  of  small  obloi\g  areas  with  fine 
hatching.  Seen  in  favourable  light,  all  the  parallel  sunken  lines 
shine  out  along  one  slope ;  and  if  the  plate  be  rotated  through  180^, 
they  light  up  again  along  the  other ;  in  intervening  positions  they 
appear  dull.  These  brighter  areas  are  often  in  parallel  position, 
though  not  invariably  so  ;  if,  however,  the  angles  be  measured 
which  they  make  with  the  fillets  of  tanite  and  with  the  cubic 
lamellae,  it  is  observed  that  in  point  of  relative  position  they  exactly 
accord  with  the  etched  lines  on  the  Braunau  iron.  They  never 
penetrate  the  plates  of  tanite.  When  the  corroding  action  of  the 
acid  is  prolonged,  these  appearances  are  destroyed,  and  are  replfiwsed 
by  etched  lines  and  etched  cavities. 

The  etched  lines  have  the  same  characters  as  those  of  the  Braunau 
iron,  but  they  are  shorter  and  more  difficult  to  measure.  The  section, 
as  stated,  is  not  exactly  parallel  to  the  face  811,  so  that  the  following 
determinations  of  some  of  the  angles  which  the  etched  lines  make 
with  lines  parallel  to  100  are  only  approximate : 

Obserred.                                  Calculated  for 

100  811 

2r  26°  34'  ...  25°  T 

63°  63*  26'  ...  64°  7' 

86°  82°  63'  ...  85°  40' 

109°  ..*.         ...  104°  2'  ...  110°  47' 

119°  ...  119°  45'  ...  117°  49' 

while  the  angles  which  the  etched  lines  form  with  lines  parallel  to 

111  are : 

Obseryed.  Calculated  for 


100 

811 

23° 

•*. 

•*• 

30°  68' 

•  •  • 

23°  61' 

46° 

••. 

•*  • 

46°  0' 

•  •  • 

46°  24' 

63° 

... 

•  a* 

62°  r 

•  •• 

48°  68' 

69° 

••  • 

*•• 

71°  34' 

•  •  • 

70°  30' 

These  observations  place  beyond  doubt  the  fact  that  the  deeper 
lines  thus  brought  out  are  the  usual  lines  of  etching. 

*  J.  G.  Neumaim.     Au9  der  NtUurwiss.  AbhandU  ( JT.  Raidi\n^vc\  m.  J^.  %  ^*-  ^ 
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The  oavitics,  prodnoed  by  the  aetion  of  acid,  axe  Teiy  amall,  about 
0-005  mm.  across,  and  have  a  rounded,  sometimes  quadratio^  outline; 
the  more  perfect  having  the  form  of  rounded  cubes.  They  are  most 
abundantly  met  with  on  the  fillets  alluded  to  above,  those  in  the 
same  piece  of  beam-iron  being  similarly  orientated,  and' it  is  to  them 
and  the  parallel  serration  of  the  fillets  that  the  oiystaUine  damas- 
kining  is  due. 

In  the  beam-iron  are  inclosed  schreibersite  and  troilite,  but  graphite 
was  not  observed.  The  schreibersite  is  only  met  with  in  this  form 
of  iron,  and  occurs  there  in  rounded  particles  and  elongated  forms, 
which  proceed  from  plates  of  this  mineral,  many  of  which  lie  parallel 
to  an  octahedral  fa<^.  It  occurs  veiy  frequently  round  about  the 
remarkable  lameUee  of  troilite  (see  infra)  that  lie  parallel  to  the 
faces  of  the  cube. 

The  fillet-iron  (Bondeisen),  or  tanite,  presents  itself  on  the  etbfaed 
surface  in  the  form  of  prominent  bands  or  fillets  between  the  stripes 
of  beam -iron,  and  they  are  sections  of  lamellsB  lying  parallel  to 
those  of  the  beam-iron, — ^in  other  words,  to  the  octahedral  faces. 
This  form  of  iron,  though  in  such  thin  plates,  is  found  by  the 
microscope  to  be  a  fine  tissue  of  heterogeneous  Bubstanoes.  One 
of  these  is  nickel-iron,  which  coats  the  lamell»  of  tanite.  A  section 
of  this  mineral  is  dull  in  appearance,  but  the  boundary  is  brilliant ; 
while  outside  it,  lie  brilliant  points  of  not  unfrequently  regular  form. 
The  framework  and  the  points  have  the  yellowish  colour  of  nickel- 
iron.  Tlio  duller  field,  when  strongly  magnified,  is  seen  to  consist 
of  exceedingly  fine  plates  of  nickel-iron,  which  Ke  in  two  different 
directions,  for  the  lines  intersect  at  90".  The  material  lying  between 
these  plates,  which  has  been  removed  in  greater  abundance,  is  pure 
iron.  The  lamella)  of  tanite  are  often  penetrated  and  traversed  by 
fine  plates  of  beam-iron. 

The  interstitial  iron  {FulleiBen),  which,  as  the  name  implies, 
occupies  the  areas  between  the  minerals  already  mentioned,  is 
abundantly  present  in  masses  sometimes  extending  to  the  breadth  of 
1  cm.  It  is  made  up  of  tanite  and  beam-iron,  and  is  a  representation 
of  the  structure  of  the  entire  meteorite  on  a  smaller  scale,  with  such 
modifications  as  seem  to  indicate  that  after  the  large  lamellaB  of 
beam-ii-on  and  tiinite  were  already  formed,  the  matter  inclosed 
between  them  became  solid,  and,  shaping  itself  in  accordance  with  the 
same  laws  in  a  limited  area,  produced  this  variety  of  meteoric  iron. 
It  occurs  in  two  forms  that  vary  but  little  from  each  other.  In 
one,  fine  stripes  of  beam-iron  intersect,  while  between  them  is 
tanite :  this  is  an  exact  reproduction  of  the  coarser  structure  of  the 
meteorite.  In  the  other  (and  this  is  observed  in  the  larger  masses) 
the  square  form  is  provided  along  its  boundary  with  stripes  of  beam- 
iron,  tho  remainder  appearing  granular  through  a  number  of  little 
particles  of  beam-iron  being  ranged  together  with  nickel-iron 
between  them. 

The  occurrence  of  troilite  in  lamcUaa  has  been  observed  for  the 
first  time  in  this  iron.  They  lie  parallel  to  the  cubic  faces,  and, 
unlike  those  of  tanite,  do  not  traverse  any  considerable  portion  of 
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the  etched  Borfiuse.  The  hugest  are  3*5  cm.  long  and  1*5  wide,  and 
have  a  thickness  of  from  0-1  to  0*2  mm.  Thej  have  a  sharp  oatline, 
homogeneous  stroctnre,  and  are  easily  recognized  as  consisting  of 
the  brittle  bronze-colonred  sulphide  which  decomposes  with  acid. 
These  lamellae  are  covered  on  either  side  with  a  layer  of  beam-iron, 
which  separates  them  from  the  tanite,  the  interstitial  iron,  and  the 
lamellflB  of  beam-iron  that  are  paraUel  to  the  octahedron ;  whenever 
one  of  the  last-mentioned  plates  happens  to  be  situated  near  a 
lamella  of  troilite,  it  will  be  found  that  the  troilite  has  broken 
through  it. 

The  troilite  seems  to  have  been  formed  first  After  it  had  become 
covered  with  a  layer  of  beam-iron,  the  octahedral  lamell»  ^the 
tanite  and  the  beam-iron)  appear  to  have  been  developed ;  and  last 
of  all  the  interstitial  mass,  likewise  in  accordance  with  the  law 
which  governed  the  formation  of  the  octahedral  lamelliB. 

The  troilite  of  this  iron  occurs  almost  entirely  as  cubic  lamellflB, 
but  rarely  in  the  familiar  nodular  form.  On  examining  the  irons  of 
the  Vienna  Collection,  Tschermak  discovered  thin  plates  of  troilite^ 
covered,  as  above,  with  beam-iron,  in  the  meteorite  of  Jewell  Hill, 
Madison  Co.,  North  Carolina,  found  in  1856.  The  lamell»  are 
just  as  abundant,  have  the  same  orientation  as  those  of  the  South 
American  iron,  and  are  about  one-third  the  size. 

These  two  irons  differ  but  slightly  in  composition  : 

Atacama.  Jewell  HiU. 

Iron     91-53        9112 

7-82 


Nickel 714 

Cobalt 0-41 

Copper ...        ...  trace. 

PhosphoroB      ...  0*44 


0-43 

trace. 

008 


99*52  99-45 

The  paper  is  illustrated  by  four  beautifully  executed  plates ;  two 
showing  the  markings  on  the  surface  of  the  mass,  the  other  two  the 
figures  developed  by  etching  a  section.^ 

'  The  folloiriiig^  meteoric  irons  and  siderolites  from  this  region,  soTcral  of  which 
probably  belong  to  one  fall,  have  now  been  recorded;  the  greater  number  are 
preserred  in  some  well-known  collection,  and  have  been  submitted  to  examination. 

(1).  1827.  Siderolite  (Brit.  Mus.  Coll.).  Atacama,  Bolivia. — Rpi)orted  on  by 
Bollaert  {Joum.  Royal  Geogr.  Soc.,  xxi.  127)  ;  and  by  Reid  {Chamberg*  Jour.,  Marco 
8,  1851),  who  places  the  locality  in  lat.  23^  30'  S.  and  45  to  50  leagues  from  the  coast. 
According  to  K.  A.  Philippi  (JaAr.  Min.,  1855,  1),  masses  weighing  120  to  150  lbs. 
were  found  one  league  from  Imilac,  in  the  centre  of  the  Atacama  Desert.  Imilac  is 
35  leagues  from  the  coast,  40  leagues  from  Cobija,  and  35  from  Atacama.  Rose 
places  the  locality  in  Chili.  Tin  Sticler's  Atlas,  Atacama  Mt.  is  in  Bolivia;  the 
Desert  of  Atacama,  partly  in  Ctiili,  partly  in  Bolivia ;  the  Province  of  Atacama,  in 
Chili;  and  Atacama  Alta  in  Boliria.)  This  will  be  the  meteorite  analyzed  by 
Frapolli,  and  described  by  Bunsen  in  1856,  the  metallic  portion  of  which  contains : 

Fe  =  88-01;  Ni  =  10-25;  Co=070;  Mg=0*22;  Ca=013;  Na  =  0-21; 

K=015;  P=0-33         =10000. 

(2).  1858.     Iron  (Brit.  Mus.  Coll.).     Atacama.  Bolivia. 

(3).  1862.  SieUroiite  (Brit.  Mus.  Coll.).  Sierra  de  Chaco,  Desert  of  Atacama. — 
Rose  places  this  in  Chili,  and  the  position  of  Chaco  is  stated  to  be  lat.  26°  20'  S.  and 
long.  69°  20'  W.;  he  {Ber.  Berlin  Akad,,  1863,  30)  could  not  deyelopQ  e\A\iQdL  ^^g^no^ 
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Found  1870.— Iqiiiqve,  Peru.^ 

This  mass  of  iron  was  diaooTored  on  a  mountain  dope  on  the 
western  border  of  the  pampa  of  Tamamgul,  ten  lea^pies  east  of 
the  harbour  of  Iqaiqne.  It  lay  at  a  depth  of  from  two  to  four  feet 
below  the  surface,  being  imbedded  paiily  in  a  bed  of  nitre,  of  the 
hardness  of  stone,  partly  in  the  overlying  soiL  When  found,  the 
metal  was  so  hard  that  two  chisels  were  broken  in  an  attempt  to 
lemove  a  fragment  of  it.  A  piece  that  had  been  heated  became 
malleable,  and  was  beaten  into  veiy  thin  plates. 

The  Iquiqne  iron  has  the  form  of  a  plate,  6  cm.  in  thibkneas ;  on 
one  side  it  is  convex,  somewhat  bent  inwards  on  the  other,  with  a 

on  the  iiickel-iron,  which  hid  the  eomporitica :  Fe  «  88*55 ;  Ni  as  11-5 ;  tSiA  meteorite 
resembles  that  foimd  at  Hainholz  some  years  earlier. 

(4).  1863.  Stderoiite  (Brit  Mua.  CoU.).  Copiapo,  ChilL— In  the  Amir.  J<mr.  8e, 
(1864)  zxxvii.  243,  C.  A.  Joj  describes  a  sioerolite  from  the  Janaoero  Pass,  50 
B^lish  miles  from  Copiapo,  Ptorince  of  Atacama,  Chili.  The  spec,  ([xaritj  of  his 
specimen  is  4*35,  and  it  was  composed  of  nickel-iron,  troilite^  and  silicates.  J.  L. 
Smith  {Amer.  Jour,  Se^  zzzriii.  386)  considers  it  to  be  identical  with  the  Sieira  di 
Chaco  meteorite  described  by  Rose  fsee  No.  3).  Captain  Gilliss,  of  the  United 
States  Observatory  at  Washington,  Delieves  *Janacera'  may  be  a  misprint  for 
'  Jarqnera,'  the  name  of  a  riyer  which  rises  in  one  of  the  Atacama  pawes. 

lb).  (No  date).    SiderolUe  (Brit.  Mus.  Coll.).    Atacama,  Bolivia. 

(6).  1 866.  Iron  (Brit.  Mns.  Coll.).  Cordilleras  of  Atacama,  Chili.— M.  Danbr^ 
{Ckmpt.  retid.,  Ixxvi.  569)  describes  a  large  iron,  weighing  104  kilog.,  acquired  in 
1867  for  the  Paris  Collection.  It  was  found  in  November,  1866,  on  the  west  slope 
of  Uio  high  Cordillera  of  the  Andes,  between  the  Rio  JnncaJ  and  the  Salt-woi^  of 
Pedemal,  50  leagues  N.E.  of  Paypote.  (The  difficulty  of  transporting  heavy  masses 
across  8uch  an  arid  region  is  very  great ;  according  to  Dr.  Phillippi  ( Th^  Timet, 
August  31st,  1874),  it  only  rains  about  once  in  from  20  to  50  years.)  This  mass 
bears  on  the  surface  the  systems  of  lines  which  Tschcrmak  obsen'ed  on  the  Ilimae 
iron,  and  Damour  findH  them  agree  in  composition.  They  are  probably  all  members 
of  the  same  aerolitic  fall. 

(7).  ^0  date).  Irott  (Brit.  Mus.  Coll.).  Sierra  di  Deesa,  Chili. — Under  this 
name  M.  Daubr^e  has  given  {Compt.  rend.ylnTy'i.  571)  a  description  of  a  bnecciatc^ 
iron  from  the  cordillera  of  Deesa,  near  Santiago,  acquired  in  1867.  It  closely  re- 
sembles the  iron  found  in  1840  at  Hemalga,  in  the  Desert  of  Talcahuayo,  in  Chili. 
It  contains  2*4  per  cent,  of  silicate,  which  has  been  chemically  examined  oy  Meunier. 
{Sitz.  Wien  Ak.,  lii.). 

rs^.  1866.    Iron  (Brit.  Mus.  Coll.^.    Juncal,  Cordilleras  of  Atacama,  Chili. 

(9).  1864.  Stderoiite  (Berlin  Coll.).  Atacama,  50  miles  from  Copiapo. — It 
appears  probable  from  the  ron^h  description  of  the  locality  that  this  may  oe  the 
same  meteorite  as  the  one  mentioned  unaer  No.  4,  although  the  dates  do  not  corre- 
spond. In  that  case  J.  L.  Smith's  view  of  the  identity  in  character  of  the  meteorites 
wiU  have  to  be  extended  to  Nos.  3,  4,  and  9. 

ilOV  1870.    Iron  (Vienna  CollJ.    Ilimae,  Desert  of  Atacama,  Chili. 
11).  (No  date).    Stderoiite,     Taltal,  Desert  of  Atacama. — J.  Domeyko  {Compt. 
rend.^  Iriii.  551)  describes  some  masses  of  considerable  size  on  tiie  high  plateau  of 
the  Desert  near  the  copper  mine  of  Taltal,  south  of  Imilac.    The  spec,  gravity  of  a 
fragment  was  5*64. 

(12).  1863.  Siderolite  (Vienna  Coll.).  Copiapo,  Chill  —Described  by  Haidinger 
{Sitz,  Wien  Akad.,  xlix.  499),  as  a  coarsely  granular  brecciated  meteorite.  Aie 
nickel-iron,  according  to  Von  Hauer,  consists  of :  Fe=93  ;  Ni  =  6*4. 

ri3).  1859.  JroiiF  Toconado,  Desert  of  Atacama. — J.  J.  von  Tschndi,  writing 
unaer  the  above  date  to  Haidinger  {Sitz.  Wien  Akad. ,  xlix.  494) ,  mentions  a  meteoric 
mass,  weighing  80  arobas  (20  cwi),  which  lies  20  leagues  N.£.  of  Toconado.  He 
states  that  it  agrees  in  structure  and  appearance  with  the  Atacama  iron  lying  50 
leagues  southward. 

^  G.  Rose.  Abdruck  aus  der  Festschrift  der  Gesell.  Naturforsch.  Freunde  sn 
Berlin,  33,  Berlin :  Diimmler,  1878. 
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de^  esTity  on  one  part  of  die  ■mrfiwe.  Hie  finner  is  corend  with 
ridgee,  numing  obliqndj  aarosB  iti  side,  and  in  most  cases  paiallel 
to  eai^  other.  The  weight  of  this  block  of  metal  is  21  lb&,  and  the 
specific  grsTitj  7-&25.  When  cat,  it  takes  a  fine  polish,  and  exhibits 
strong  metallic  histre  and  a  sted-grej  ooloor.  Four  analyses  hare 
been  made,  three  by  A.  Baimondi,  of  Lima,  and  one  by  Bammelsbei^ 
that  last  quoted,  with  the  following  zesolts : 


I. 

n. 

m.               IT. 

Iraa       ...    ^    ...    81-43    .. 

-    S5<1    ., 

^    $7-59    ...    81-66 

Kwkel    ^.    ..     ...    lS-61    ...    1427    . 

M.     12-38    ...     1^49 

Cobdt    ^ ^ 

>.                •< 

...      0-19 

IsMlaUe  poctioa ... 

>•                                                   M 

M                  »*,       2*66 

99-98  99^8  99-97  lOOiN) 

The  insoluble  constitnentB  were :  iron  2-17  ;  nickel  0-37 ;  phos- 
phorus 005;  and  a  residue,  that  withstood  the  action  of  hydro- 
chloric acid,  0-07. 

Hie  attention  of  the  reader  will  be  taken  by  the  unusually  huge 
per-c»itage  of  nickel  present  in  this  m^eorite,  it  being  as  high  as,  or 
higher  than,  that  of  the  aerolite  of  Shingle  Springs  (see  page  28).  We 
saw  that  the  American  iron,  and  the  one  from  the  Cape  of  Good  Hope, 
found  at  the  end  of  last  century,  resembled  each  other  not  only  in  the 
quantity  of  nickel  in  the  alloy,  but  in  the  iacX  that  neither  of  them 
developed  figures  when  etched.  The  Peruvian  iron  forms  a  third 
example  of  this  class,  for  it  also  shows  no  Widmannstattian  figures  : 
by  treatment  with  acid  it  takes  a  pale  grey  colour,  and  is  duIL  In 
lieu,  however,  eight  fine  straight  parallel  stripes,  singularly  unlike 
any  markings  usually  observed,  are  seen  to  traverse  the  etched  stnr- 
£EU>e,  nearly  directly  across  the  greatest  length  of  the  block.  Four 
of  these  crossing  near  the  middle  of  the  surface  appear  to  be 
equidistant  from  each  other,  like  lines  on  mled  paper ;  the  remaining 
four  lie  in  pairs,  one  on  the  right,  the  other  to  the  left  of  the  group 
of  four,  the  whole  number,  as  stated,  being  in  parallel  position. 
The  spaces  between  the  members  of  the  first  pair  and  of  the  other 
pair  respectively  exhibit  for  some  distance  the  same  lighter  surface 
that  gives  prominence  to  the  stripes  themselves.  These  stripes  do 
not  appear  to  be  in  any  way  connected  with  the  ridges  on  the  outer 
surface,  and  though  evidently  brighter  than  the  face  generally  when 
seen  in  certain  directions,  are  duller  than  it  when  viewed  in  others. 
Very  similar  stripes  were  noticed  on  the  Cape  iron  *  already  men- 
tioned ;  in  fact,  till  Rose  made  his  observations,  it  was  the  only 
iron  which  was  known  to  exhibit  such  phenomena.  As  to  their 
cause,  the  author  did  not  advance  any  explanation  beyond  attributing 
them  to  the  position  of  the  small  particles  composing  the  stripe. 
They  present  some  of  the  characteristics  of  the  plates  of  beam-iron 
observed  in  the  Atacama  and  many  other  irons. 

This  iron  apparently  contains  no  sulphur,  and  the  sections  of  little 
inclosed  crystals,  such  as  those  met  with  in  the  Cape  iron,  which 

1  G.  Rom.  Au»  Mhsndl.  Berl.  Akad.  JTiu.,  1863-70.— £.  H.  Ton  Baamhaaer. 
JbxJUv.  Aifrland,  d€$  Sdsnctt  Exactu  tt  Hatur^  IL  377. 
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Banmhauer  believed  to  be  of  pyrites  (FeSf),  bat  vfaioih  Bose  mnn- 
tained  were  of  niagnetio  pyrites,  were  in  yain  sought  for. 

Two  plates,  copied  from  photographs  of  the  aerolite,  are  appended 
to  the  paper. 

It  rarely  happens  that  Widmannstiittian  fignres  are  developed  in 

irons  containing  more  than  nine  per  cent  of  nickel.    With  a  Know- 

ledge  of  the  difficulties  attending  the  complete  separation  of  nickel 

and  cobalt  from  iron  and  of  the  different  action  of  the  re-agents, 

employed  to  bring  these  metals  into  solution,  on  the  phosphides, 

rich  in  nickel,  which  frequently  accompany  them,  it  would  not  be 

advisable  to  lay  too  great  stress  on  the  results  of  earlier  analyses  of 

meteoric  irons  as  pointing  to  any  general  condusiou  when  the  details 

of  the  processes  made  use  of  cannot  likewise  be  studied.     It  is 

worthy  of  note,  however,  that  the  irons  mentioned  below,  with  the 

per-centago  of  nickel  found  in  them,  give  lines  oocasionally,  bat  no 

figures : 

Octibbeha  Co.:=59-69;  Caille>=:  17*37;  Babb's  Mill  =  17-l,  14*7,  and  12*4: 
Howard  Co.  (1862)  =  12*29;  Atacama  (1862)  =11*6;  Kraanojanks 
10*73;  Tuciiman  =  10*0;  Zacateca8=9'89;  and  S£lanicsa=8'9I. 

While  the  following  irons  exhibit  them  in  great  perfection : 

£lbogcn  =  8'6;  Lion  River =6*7;  Iienarto=6-56;  Modoc =6*85;  Sevier 
Co.  =6*5  and  5*8;  Schwetz=6'77;  Tabarz=5*69;  Cambria =6*7  and 
6*0;  Braunaa=6  5;  A8heTilIe=6*0;  and  Ruff's  Mountain =3*  12. 

(To  be  continmd  in  ow  next  Number.) 


IV.— On  the  Post-pliocene  Formations  of  the  Isle  op  Man. 

By  J.  A.  BiuDS,  £.A. 

IT  is  not  a  little  remarkable  that,  while  almost  every  part  of  England 
and  Scotland,  and  particularly  the  district  of  "the  Lakes" 
and  Nortli  Wales,  has  been  abundantly  studied  and  written  about, — 
and  while  Ireland  also  has  been  almoHt  completely  surveyed, — the 
Isle  of  lyiau  Bhould  not  only  have  been  left  untouched  by  the 
Geological  Sur\'ey,  but,  latterly  at  least,  should  liave  well-nigh 
escaped  the  attention  of  geologists  altogether.  With  the  exception 
of  three  or  four  papers  by  the  Rev.  J.  G.  Cumniing,  published  in 
the  Quarterly  Journal  of  the  Geological  Society,  and  their  embodi- 
ment in  a  more  popular  form  in  his  History  of  the  Isle  of  Man, 
and  Guide  Book,*  scarcely  anything  appears  to  have  been  written 

^  The  following  is  as  complete  a  list  as  I  have  been  able  to  glean  of  all  works  or 
papers  relating  to  the  geology  of  the  Isl\e  of  Man : — 

1.  "  An  Account  of  the  Isle  of  Man."    By  Geo.  "Wood.     1811. 

2.  "A  Mineralogical  Account  of  the  Isle  of  Man"    By  Dr.  Bergcr.     Trans- 

actions of  the  Geological  Society,  Ist  series,  vol.  ii.     1814. 

3.  "A  Supplementary  Notice  of  the  same."     By  I'rof.  Ilcnslow.     Trans,  of 

the  Geyl.  Soc.  1st  series,  vol.  v. 

4.  A  Notice  of  the  Island  in  Macculloch's  "  Western  Isles  of  Scotland,"  toI.  ii. 

p.  516.     1819. 

6.  "A  Memoir  on  the  Discovery  of  the  Metfacaros  Hibernictu  in  the  Isle  of 

Man."    By  Dr.  Hibbert.     Edinburgh  Journal  of  Science,  No.  5.     1826. 
G.     *^  On  the  Stratification  of  Alluvial  Deposits  in  the  Isle  of  Mau."    A  Pamphlet 
by  II.  R.  Oswald,  Esq.     Douglas,  1823. 

7.  "On  Concretions  in  the  rlcistocene  Deposits  of  the  North  of  the  Island." 

By  Uugh  Stnckland,  l!:sq.,  F^G.S.     Proc.  Geol  Soc.  vol  iy.     1843. 
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npon  the  geology  of  the  island,  besides  some  Memoirs  published  in 
the  inflEmcy  of  the  Ecienoe,  or  a  few  brief  notioes  of  special  points 
since. 

Mr.  Camming,  who  for  many  years  was  Yioe-Principal  of  King 
William's  College,  Castletown,  appears  to  have  studied  the  geology 
of  the  little  coontiy  veiy  thoroughly,  and  has  left  an  excellent 
aooount  of  it,  illustrated  with  several  maps  and  sections.  Pro« 
bably  the  (^logical  Surveyors,  when  they  come  to  explore  the 
island,  will  find  little  to  correct  or  add  to  in  the  portion  of  Mr. 
Cumming's  works  which  relates  to  the  older  rocks-sunless  it  be 
to  determine  positively  the  age  of  the  Silurian  schists. 

With  regard,  however,  to  the  later,  or  Post-pliocene  accumula- 
tions, the  progress  made  in  this  portion  of  geology  since  the  publi- 
cation of  Mr.  Cumming's  "Histoiy"  in  1848,  wiU,  I  think, 
necessitate  veiy  considerable  changes. 

Mr.  Cumming  divided  these  formations  into  two  classes :  1. 
Boulder-clay;  2.  Drift-sand  and  gravel;  and  he  seems  to  have 
regarded  the  Boulder-day  as  all  of  the  same  age.  This  I  believe 
to  be  a  fundamental  error,  which  throws  into  confusion  the  whole 
account  of  thb  order  of  these  deposits. 

It  is  hardly  necessary  to  remind  readers  of  the  Gkolooioal 
Maoazinjb  of  the  three  or  four  great  periods  in  the  hypothetical 
history  of  the  last  geological  age  of  the  British  Isles,  and  of  the 
whole  of  Northern  Europe  and  America,  as  it  is  summed  up  by  Sir 
C.  Lyell  in  the  last  editions  of  his  '  Principles '  and  '  Elements,'  and 
in  the  '  Antiquity  of  Man,'  viz. : — 

1st  A  continental  period,  when  the  land  was  much  higher  than 
at  present,  and  all,  except  perhaps  the  summits  of  the  highest  moun- 
tains, was  covered  with  a  thick  sheet  of  ice. 

2ndly.  A  period  of  gradual  submergence,  in  the  later  part  of 
which  icefloes  and  icebergs  drifted  to  and  among  these  islands,  and 
their  highest  portions  formed  an  archipelago  in  the  North  Sea. 

3rdly.  A  period  of  emergence  ending  in  a  second  continental  con- 
dition, when,  however,  the  land  was  probably  not  so  high  as  in  the 
first  period,  though  glaciers  occupied  the  higher  valleys. 

S.  "On  the  Geology  of  the  Isle  of  Man.'*  B^r  the  Rev.  J.  G.  Camming. 
Part  I.  Palscozoic  Rocks.  Part  II.  Tertiary  Formations,  with  Plates 
xiT.-xrii.     Quart.  Journ.  Geol.  Soc.  vol.  ii.     1846. 

9.  **  On  the  Geology  of  the  Calf  of  Man,"  by  the  same.  Qnart.  Joum.  Geol. 
Soc.  Tol.  iii.     1847. 

10.  "  The  Isle  of  Man :  its  History,"  etc..  by  the  same.   London,  Van  Voorst,  1848. 

11.  "On  the  Superior  Limits  of  the  Glacial  Deposits  in  the  Isle  of  Man,"  by 

the  same.     Qnart.  Jonm.  Geol.  Soc.  vol.  x.     1864. 

12.  "A  Guide  to  the  Isle  of  Man/'  by  the  same.     London,  Stanford,  1861. 

13.  **0n  certain  Tracks  in  the  Manx  Slates."    By  Thos.  Grindley,  Esq.    Geol. 

Mao.  Vol.  II.  p.  642.     1866. 

14.  "  On  the  Geology  of  the  I^ake  District  and  the  Lower  Silurian  Rocks  of  the 

Isle  of  Man."     By  Professors  Ilarkncss  and  ^'icholson.     Quart.  Joum. 
Geol.  Soc.  vol.  xxii.     1866. 

15.  '* Practical  Guide  to  the  Isle  of  Man."     By  II.  J.   Jenkinson.      Ixindon, 

£.  Stanford,  1874.     Contains  Chapters  on  the  Mineralugy  and  Geology 
of  the  Island. 
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4thly.  A  second  BabmeTgenoe»  attended  probablj  with  many  oscil- 
lations, until  St.  George's  and  the  English  Channels  were  formed, 
and  the  British  Isles  at  length  assumed  iheir  present  ihape. 

I  am  not  aware  whether  this  hypothetical  history — ^whioh,  until 
some  more  satisfactory  theory  is  suggested,  must  be  assumed  as  the 
basis  of  all  reasoning  upon  the  Post-pliocene  Formations— originally 
led  to  their  threefold  division  into  an  Upper  BouMer^day,  a  Middle 
Drift  of  sand  and  gravel,  and  a  Lower  Boulder-olayy  corresponding 
to,  and  by  some  supposed  to  be  the  product  of  the  first  three  periods; 
but  it  seoms  not  improbable. 

However  this  may  be,  the  division  now  appears  to  be  fully 
supported  by  facts,  and  it  only  requires  some  xnodifiosticn  in  the 
reference  of  the  several  members  to  their  respeotiye  periods  of  for- 
mation to  render  it,  apparently,  satisfactory. 

Thus,  instead  of  assuming  tluit  the  Lower  Boulder-day  oorresponds 
to  and  was  entirely  formed  by  land-ice  during  the  first  continental 
period,  we  believe  that  the  materials  of  it  were  then  ground  up  by 
land-ice  and  subsequently  deposited  in  the  sea,  from  the  time  when 
the  land  began  to  sink  imtil  perhaps  the  middle  of  the  period  of  sub- 
mergence. 

Again,  the  Upper  Boulder-clay  was  not  formed  altogether  during 
the  second  continental  period,  but  probably  it  was  deposited  during 
the  middle  or  towards  the  latter  end  of  the  emei^raice,  and  continued 
to  be  deposited  for  some  time  during  the  second  submergence ;  the 
interval  between  the  middle  of  the  first  submergence  and  that  of 
emergence  being  one  in  which  a  temperate  climate  prevailed  and  no 
glacial  deposits  were  formed.  The  simple  diagrams  given  on  page 
83  will  illustrate  my  meaning  at  a  glance. 

Now  to  apply  the  above  explanation  to  the  glacial  deposits  of  the 
Isle  of  Man.  The  whole  northern  portion,  about  a  third  of  the 
island,  north  of  the  road  from  Ramsey  to  Kirk-Michael,  is  occupied 
by  the  Lower  Boulder-clay  and  Middle  Drift  sands  and  gravel.  It 
is  best  seen  in  the  cliffs  from  Sea-view  to  Port  Cranstal,  at  the 
eastern  end  of  the  Bride  Hills,  and  again  at  the  western  end  of  the 
little  chain  at  Blue  Point.  The  sections  are  veiy  similar,  and  con- 
sist of  stratified  yellow  sand  and  gravel  at  the  top,  averaging  10  to 
15  feet,  succeeded  by  a  great  depth  of  brown  clay,  interspersed  with 
patches  of  sand,  and  here  and  there  a  bed  of  gravel,  and  the  whole 
attaining  a  maximum  tliickness,  at  Point  Cranstal,  of  from  100  to 
150  feet  Tlie  clay  contains  but  few  stones.  The  gravel-beds  consist 
chiefly  of  local  schist  and  quartz,  with  a  very  large  admixture  of 
stones  foreign  to  the  island — Permian  rocks,  chalk  flints,  granites, 
syenites,  traps,  porphyries,  etc.  The  largest  accumulation  of  pebbles 
from  these  beds  is  round  the  Point  of  Ay  re,  where  the  beach  at  low 
water,  for  a  distance  of  nearly  two  miles,  is  composed  of  several 
teiTaces  of  shingle,  apparently  of  considerable  depth,  and  having  a 
total  width  of  80  to  100  feet.  Searching  along  this  shore  I  found, 
besides  the  flints  above  mentioned,  which  must  have  come  from  the 
north-east  of  Ireland,  a  very  great  variety  of  granites,  syenites,  etc, 
probably  part  from  Ireland,  and  part  from  the  south  of  Scotland, 
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together  with  a  profusion  of  traps  and  porphyries,  some  I  believe 
from  the  Cheviots,  and  several  specimens  of  PrehUte  (or  one  of  the 
same  family  of  minerals)  which  (aooording  to  Hall's  Mineralogist's 
Directory)  is  not  to  be  found  in  aitH  nearer  than  Beith  in  Ayrshire, 
or,  in  abundance,  than  Renfrewshire,  or  the  Eilpatriok  Hills  in  the 
neighbourhood  of  Glasgow. 

The  whole  northern  plain  of  the  island — as  may  be  se^  by  sections 
at  Riversdale,  on  the  banks  of  the  Sulby  river  near  Ramsey,  on  the 
roads  to  Kirk- Andreas  and  Kirk-Bride,  and  between  the  latter  village 
and  Blue  Point,  in  the  neighbourhood  of  Ballaiighy  at  Torby,  and 
thence  south  to  Kirk-Michael — is  composed  of  similar  deposits,  all 
belonging,  I  believe,  to  the  Lower  Boulder-day  and  Middle  Drift. 
The  same  formations,  or  at  least  the  sands  and  gravel*  are  to  be  seen 
at  Peel  in  the  west,  and  may  be  traced  for  some  miles  up  the  oentral 
valley  of  the  island.  They  may  be  seen  again  along  the  railway 
from  Ballasalla  to  Port  St  Mary.  A  considerable  thickness  of  the 
sands  appears  in  a  cutting  of  the  same  railway  near  Port  Soderickf. 
and  they  must  be  or  have  been  present  in  considerable  strength  at 
Douglas,  as  the  sandy  shore  and  beach  of  the  bay  has  no  doubt  been 
formed  from  their  remains ;  though  it  is  difficulty  now  that .  the  land 
has  been  built  over,  to  find  any  good  sections. 

If  now  we  quit  the  shores,  and  ascend  towards  the  higher  ground 
and  the  mountains,  we  come  to  a  totally  different  kind  of  deposit. 
It  consists  generally  of  a  yellowish-brown,  though  oocasionally 
bluish,  or  reddish,  loam,  containing  angular  fragments  of  almost 
exclusively  local  rocks,  viz.  Silurian  schist  with  'green-ash,*  green- 
stono,  and  quartz,  together  with  a  few  fragments  of  Old  Red  Sand- 
stone, and  a  very  few,  if  any  not-derived,  foreign  rocks.  This  I 
believe  to  be  the  true  Upper  Boulder-clay.  It  may  be  traced  from 
the  southern  extremity  of  the  island,  near  Craigncesh  (probably  it  is 
a  patch  of  the  same  which  is  marked  by  Mr.  Gumming  on  the  Calf 
Islet),  to  the  northern  comer  of  Port  Enn  Bay,  and  thence  along 
the  southern  base  of  the  hills  by  Colby  and  Arbory,  to  Ballasalla.  It 
is  well  seen  in  the  cuttings  of  the  railway  thence  to  Douglas,  and  at 
the  station  there.  It  covers  the  cliffs  at  Douglas  Head  ;  it  may  be 
seen  at  several  points  along  the  road  from  Quarter  Bridge  to  Onchan, 
and  capping  the  cliffs  on  the  northern  side  of  Douglas  Bay;  it  is  trace- 
able along  the  road  above  the  valley  of  the  Glass  river  from  Douglas 
to  Al)bey  Lands ;  it  crowns  the  quarry  at  the  side  of  the  road  from 
the  Lunatic  Asylum  to  Union  Mills,  is  present  in  strong  force  there, 
and  may  be  seen  in  every  cutting  of  the  railway  thence  almost  to  St. 
John's.  In  the  north  of  the  Island,  too,  one  comes  upon  it  directly 
on  leaving  the  plain,  as  at  the  mouth  of  the  Balluro  Glen,  at  Ramsey, 
and  on  the  left  or  mountain  side  of  the  road  thence  to  Kirk-MichaeL 
It  is  present  also  in  the  banks  of  the  Foxdale  river. 

From  tho  fact  that  this  clay  is  found  almost  always  at  a  higher 
level  than  the  Middle  Drift  sands,  and  from  its  containing  scarcely 
any  but  local  rocks,  and  those  always  angular  or  in  a  very  slightly 
rolled  condition,  I  conclude  that  it  is  the  wash  of  the  mountains  to- 
wards the  later  part  of  their  rise  and  in  the  beginning  of  their  second 
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submeTgenoA  in  the  86a»  and  due,  partly  to  the  action  of  the  sea 
itself  by  tides  and  waves,  partly  to  rainfall  and  an  aocnmtdation  of 
snow  and  ioe  upon  the  land,  combined  with  the  most  effective  cause 
of  ally  the  grinding  of  coast-ice  swept  along  by  violent  currents. 

If,  referrmg  to  the  diagrams  at  p.  83,  it  be  asked  why  the  same 
kind  of  deposit  was  not  formed  in  the  later  periods,  when  the  land 
was  at  the  same  height^  as  in  the  first  snbmeigence, — that  is,  why 
the  Upper  Boolder-clay  is  not  precisely  like  the  Lower  Boolder- 
day, — ^1  can  only  sappose  that  there  were  other  conditions  besides 
tiie  degree  of  elevation  above  the  sea  which  would  account  for  the 
difierenoe,  and,  among  these,  perhaps  the  diief  would  be  the 
enormous  extent  and  mass  of  ice  in  the  first  period,  forming  a  thick 
ecmtinenial  sheet,  like  that  of  Greenland  now ;  while  in  the  second 
period  the  ioe  was  mudi  more  partial,  and  subject  to  disturbance 
widoh  broke  it  up,  and  gave  rise  to  ''packing"  and  drifting.  We 
most  alto  remember  that  a  portion  of  the  sands  and  gravel  of  the 
previous  deposits  would  be  mixed  with  the  later  Boulder-clay — 
wfaenoe  came  its  loamy  character,  and  a  proportioji  o(  or  perhaps  all, 
the  fineign  rocks  now  found  in  it. 

At  the  end  of  his  **  History  of  the  Isle  of  Man,"  Mr.  Cumming 
has  given  several  sections,  showing  the  Boulder-clay  and  Drift- 
gravel,  in  all  of  which  he  represents  the  former  as  extending  under- 
neath the  latter.'  My  belief  is  that  in  this  representation  the  Upper 
Boulder-clay,  near  the  base  of  the  mountains,  has  been  confounded 
with  the  Lower  Boulder-clay  exposed  in  the  coast  cliflGg,  as  at  Point 
Cranstal,  Blue  Point,  Turby  Head,  and  Kirk-Michael  in  the  north  of 
the  island,  and  perhaps  also  at  Hango  Hill  in  the  south.  Instead, 
therefore,  of  Mr.  Cumming's  division  into  a  Boulder-clay  and  Drift- 
gravel,  I  would  propose  another  into — 

A.  Newer  Glacial  Formations. 

Upper  Boulder 'day,  containing  almost  exclusively  local 
rocks,  angular,  or  very  slightly  rolled,  with  occasional  beds 
of  sand  and  gravel. 

B.  Older  Glacial  Formations. 

1.  Stratified  sands  and  gravel,  containing  an  abundance 
of  foreign  (English,  Scotch,  and  Irish)  rocks  well  rolled. 

2.  Lower  Boulder-clay,  with  patches  of  sand  and  gravel, 
containing  a  small  proportion  of  foreign  rocks. 

In  a  word,  I  believe,  from  my  own  observation,  that  the  con- 
clusions as  to  the  order  of  the  glacial  deposits  adopted  by  the 
Greological  Survey  for  the  north-west  of  England  and  for  Scotland, 
and  announced  by  Prof.  Hull  ^  as  holding  good  for  the  east  of  Ireland, 
are  true  also  for  the  Isle  of  Man. 

*  See  "  History  of  the  Isle  of  Man,"  by  Rev.  J.  G.  CDmming,  plate  Tiii. 

*  See  an  article  "  On  the  General  Relations  of  the  Drift  Deposits  of  Ireland 
to  thote  of  Great  Britain,"  by  Edward  Hull  F.R.S.,  etc.,  Director  of  the  Geo- 
log:ic&l  Surrey  of  Ireland,  Gbol.  Mag.  1871,  Vol.  YIII.  p.  294. 
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V. — AsAS,  EsKKB,  OB  Kahu. 
By  Q.  H.  KiNAHANy  M.B.IA.y  ete. 

AS  I  have  paid  some  attention  to  the  Eakers  of  Iielandy  perhaps  I 
may  be  allowed  to  make  a  few  notes  on  ihi^  papen  of  Mr.  F. 
J.  Jamieson  recently  read  before  the  (Jeologioal  Sooiely  of  London, 
and  the  letter  of  M.  Jespersen  that  appeared  in  the  GheoL.  Mag. 
for  December,  1874.  These  observers  put  forward  the  theory  (if  I 
understand  them  rightly)  that  these  peculiar  ridges  of  shingle, 
gravel,  and  sand  may  be  in  part  glacial,  they  having  been  aooomu- 
lated  as  marginal  fringes  to  the  different  stages  of  the  ioe-oap  that 
at  one  time  covered  the  northern  portion  of  the  Continent  of  Europe, 
as  it  intormittingly  retreated.  This  suggestion  seems  worthy  of 
ooiiHidoration,  as  possibly,  if  the  ice-cap  had  an  intermittent  retro- 
gression, there  would  be  fringes  or  ridges  of  shingle,  gravel,  and 
sand  marking  each  rest,  formed  of  the  detritus  from  each  suooeasive 
portion  of  the  ice  that  disappeared  ;  but  such  accumulations  should 
1)0  at  different  altitudes,  and  being  carried  by  water  off  the  ioe,  and 
deposited  successively  at  its  edge,  should  be  stratified  outwards, — 
or  if  the  margin  vras  retreating,  they  would  be  jumbled  together. 

Qravel  ridges  answering  these  requirements  may  occur  in  places ; 
but  if  we  examine  into  the  facts  connected  with  the  great  systems 
of  eskers  in  Ireland,  such  a  theory  will  not  answer  the  requirements. 
The  data  connected  with  this  phenomenon  I  have  explained  on 
foriner  occasions,*  and  from  those  notes  the  following  generaliza- 
tions may  be  extracted. 

First,  The  Esker  ridges  are  usually  stratified  mora  or  less  in  con- 
fonnity  with  the  slopes  of  both  their  sides ;  the  stratification  evidently 
being  due  to  currents  coming  in  different  directions.  Second.  The  well- 
marked  eskers  usually  occur  on  ground  l)etween  the  100  and  350 
contour-lines.  Third,  When  the  eskers  run  on  to  ground  above  the 
350  contour-line,  they  break  into  shoals  or  irregAilar  mounds  or  accu- 
mulations, while  the  shingle,  gravel,  and  sand  graduates  into  the 
drift  of  the  country;  let  the  underlying  drift  be  normal  Boulder-clay- 
drift,  Moraine  drift,  or  the  Glacialoid  stratified  drift.  Fourth,  The 
eskers  or  ridges  occur  in  such  places  as  it  might  be  expected  that 
tidal  or  other  currents  met ;  either  in  open  seas,  in  straits,  in  bays,  or 
estuaries.  Fi/lh,  The  eskers  or  ridges  may  be  divided  into  three 
kinds,  namely :  Fringe-eskers,  margining  high  ground ;  Bar-eskers, 
stretching  from  one  high  ground  to  another ;  and  Shoal-eskers,  com- 
posed of  short  ridges  and  hillocks  mixed  irregularly  together.  While 
Sixth.  From  tlie  charts  we  learn  that  nearly  similar  fringes,  bars,  and 
shoals  are  now  being  formed  in  the  shallow  seas,  the  straits,  bays, 
and  estuaries,  by  tidal  and  other  currents. 

If  the  great  system  of  eskers   in  Ireland  was  due   to   detritus 

1  On  the  Eskers  of  the  Central  Plain  of  Ireland,  Dublin  Quart  Joum.  Seiencf, 
Tol.  iv.  p.  109,  and  Lublin  OeoL  Soc.  Jouni.j  vol.  x.  Notes  on  some  of  the  Drift  in 
Ireland,  Dublin  Quart.  Journ.  Science^  vol.  ri.  p.  249,  and  Joum,  Eoyal  Qcol.  Soc 
Ireland^  Tol.  i.  pt.  iii. 
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mtTgining  the  ioe-aheet  at  ita  different  periods  of  retreat,  they 
■oaroelT  could  be  ao  r^;iilar  in  character  or  on  aach  similar  levela  over 
the  whole  ialand ;  baridea,  the  stratification  of  the  materials  com- 
posing  them  onght  always  to  dip  in  one  direction,  or  be  irregolarly 
jnmbled  together.  In  some  fringe-eekers,  as  pointed  out  in  one 
of  the  papers  previously  referred  to,  the  dip  may  in  places  be 
only  to  one  side,  but  the  reasons  for  this  peculiarity  are  explained. 
If  the  sea,  however,  on  account  of  the  advance  of  the  ice-sheet,  had 
Tiam,  all  bars,  fringes,  and  shoals  due  to  it  would  be  formed  on 
the  same  or  neariy  simUar  levels,  which,  during  the  great  "Esker-sea 
period,"  would  be  at  heights  lower  than  350  feet ;  while  to  a  sea 
of  a  lesser  area  and  at  a  relative  lower  level  would  be  due  the  esker 
ridges  in  the  low  level  valleys,  such  as  the  esker  across  the  valley 
of  Lough  Corrib,  Co.  Galway. 

Although  it  seems  to  me  that  the  great  sy  stems  of  eskers  in  Ireland 
are  due  to  the  meeting  of  currents  in  a  tidal  sea,  [such  a  theoiy 
having  been  promulgated  about  ten  years  ago,  and  since  confirmed  by 
the  observations  of  myself  and  colleagues],  3'et  I  am  far  from  imagin- 
ing that  all  eskers  are  due  to  marine  currents,  as  some  eskers  are 
SBolian,  that  is,  principally  formed  by  the  wind ;  eskers  of  this  class 
from  half  a  mile  to  seven  or  eight  miles  in  length  being  not  un- 
common in  places  on  the  east  and  south-east  coast  of  Ireland,  while 
inland  in  a  few  places  are  ridges  of  fine  sand  that  probably  had  a 
similar  origin.  Furthennore,  there  are  eskers  evidently  formed  by 
the  combined  action  of  the  waters  of  rivers  and  lakes  assisted  by 
wind,  while  in  some  of  the  Irish  hills,  and  even  on  rid^s,  are 
eskers  far  higher  than  the  limits  of  the  *'  Esker  sea,'*  evidently  due 
to  some  kind  of  watcrwork,  and  not  to  wind  action.  Such  eskers, 
indeed,  might  possibl}'  be  the  remains  of  the  sea  work  when  its 
level  was  much  higher  than  at  present ;  this,  however,  appears 
very  questionable,  as  the  traces  of  such  a  sea-level  ought  to  be  more 
prevalent  than  they  are,  while  as  a  rule  in  Ireland  abovo  the  350 
feet  oontour-line  the  prevailing  drifts  are  glacial  or  glacialoid.  It 
Bcems,  therefore,  more  natural  to  suppose,  that  while  the  great 
system  of  the  Irish  eskers  was  formed  by  marine  action,  small  locflJ 
systems  or  single  eskers  may  be  due  to  glaciera  or  some  other 
cause.     But  I  should  not  be  surprised,  if  hereafter,  when  the  Kaims 

of  Scotland  and  the  Asar  of  Scandinavia  are  worked  out  in  their 

entirety,  that  the  main  systems  are  found  to  be  of  marine  origin. 

Before  concluding  I  should  mention  that  from  the  true  Eskers  or 

Asar  drift  should  be  excluded  the  esker-liko  mounds  or  drumlins  of 
Boulder-clay  and  Moraine  drifts,  that  have  by  many  eminent  writers 
been  confounded  with  the  true  Eskcr-drift,  as  has  been  pointed 
out  by  the  Be  v.  M.  H.  Close  in  his  paper  on  the  General  Glaciation 
of  Ireland. 

^  General  Glaciation  of  Ireland,  Joum.  R07.  Geol.  Soc.  Ireland,  vol.  1.  part  iii. 
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On  ths  CoKDinoKS  which  Dktkbmthb  the  Pbxsshos  or  ABsnroK 
OF  Animal  Lifc  on  ths  Dsxp-Sha  Bottoil  By  Dr.  W.  B. 
Oaspcntsr»  F.B.S.^ 

rE  foundation  of  Oeologioal  Scienoe  miut  be  baaed  upon  a  atiidy 
of  the  ohangea  at  present  going  on  upon  the  BaTfiEU)e  of  the  earth, 
inolnding  the  depths  of  the  sea^  This  is  the  distinotive  feakire  of 
modem  Geology.  Until  leoently  nothing  was  really  known  of  the 
depths  of  the  ooean ;  but,  owing  to  improved  methods  of  sound- 
ing, the  bottom  of  the  sea  has  been  reached  in  so  many  places,  that 
we  may  feel  tolerably  sure  that  its  depth  seldom  exceeds  four  miles. 
Becent  statements  regarding  an  extraordinary  depth  off  the  coast  of 
Japan  are,  most  probably,  due  to  an  error  similar  to  that  which 
formerly  represented  the  Straits  of  Gibraltar  as  unfiithomable— «n 
error  caused  by  the  carrying-out  of  the  sounding-line  in  a  strong 
surface-current  The  general  depth  of  the  Atlantic  does  not  exceed 
three  miles,  though,  as  an  exception,  the  ''Challenger"  has  recently 
attained  3800  fathoms  in  a  hole  100  miles  north  of  Bt  Thomas. 
As  an  additional  proof  that  this  was  a  true  sounding,  both  the  pro- 
tected thermometers  came  up  crushed. 

The  temperature  of  deep  water  has  only  lately  been  ascertained 
with  accuracy,  the  earlier  attempts  having  been  vitiated  by  the  error 
arising  from  pressure.  Of  the  older  attempts  to  ascertain  the  tem- 
perature of  the  deep  strata,  that  devised  by  Lenz  in  the  second  voyage 
of  Kotzebue,  though  fearfully  laborious,  gave  results  that  corre- 
spond most  closely  with  the  **  Challenger's " ;  a  fact  in  scientific 
annals  which  has  been  lately  dug  out  by  Prof.  Prestwich,  and  by  him 
brought  to  the  notice  of  the  lecturer,  who  found  his  own  conclusions 
— made  in  entire  ignorance  of  those  of  Lenz — thus  singularly  con- 
firmed. The  conclusions  to  be  drawn  from  a  study  of  these  tem- 
peratures point  towards  a  deep  flow  of  polar  water  towards  the 
Equator,  unrestricted,  as  regards  the  Atlantic,  towards  the  south, 
but  limited  in  the  direction  of  the  North  Polar  area,  where  there  are 
two  principal  cliannels :  the  one  between  Greenland  and  Iceland, 
the  other  between  the  Faroe  Islands  and  the  100-fathom  line  of 
North-west  Europe,  on  which  platform  the  British  Islands  repose. 
This  latter  is  the  "  Lightning  "  channel,  the  scene  of  the  lecturer's 
first  explorations,  the  study  of  which  led  to  his  view  of  the  exist- 
ence of  two  opposite  flows  in  the  great  oceanic  area,  quite  irrespective 
of  any  one  current.  In  this  channel  it  was  found  that  there  was  a 
8U})erficial  warm  stream  and  a  deep  cold  stream  ;  and  that  within  a 
vertical  space  of  50  fathoms  a  most  marked  difference  of  temperature 
is  suddenly  encountered ;  whilst,  as  regards  horizontal  distance,  tem- 
peratures of  29^^  F.  and  43^  F.  have  been  obtained  at  the  same  depth 
in  places  not  20  miles  apart.  These  facts  menu  that  there  are  two 
distinct  movements  of  water,  just  as  a  striking  difference  in  the 
temperature  of  the  atmosphere  indicates  a  change  of  wind.  Hence, 
speaking  ^vith  reference  to  the  "  Lightning"  channel,  it  is  clear  that 

^  Being  the  substance  of  a  Lecture  delivered  before  the  Geologists'  Association,  on 
December  4th,  1874.    Henry  Woodward,  Esq.,  F.H.tS.,  President^  in  the  Chair, 
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water  much  oolder  than  the  mean  winter  temperature  of  the  latitude 
miut  have  a  northerly,  whilst  water  that  is  waimer  must  have  a 
southerly,  source.  In  accordance  with  this  we  find  that  most  of  the 
animals  of  the  oold  area,  such  as  the  beautiful  Comattda  Eschricktu, 
belong  to  the  boreal  fauna;  whilst  British  species,  such  as  the  common 
8oUuier  papposa^  which  is  dwarfed  from  the  size  of  a  plate  to  that  of 
a  orown-piece,  are  much  stunted.  Yet  the  fauna  is  abundant,  as  no 
temperature  seems  to  prevent  life,  so  long  as  sea- water  is  liquid. 
PresBore,  though  enormous,  will  not  affect  vital  functions ;  since  an 
animal,  whose  cavities  contain  air  in  aqueous  solution  only,  can  con- 
tract and  expand  just  as  well  with  a  pressure  of  three  tons  to  the 
square  inch  as  it  can  on  the  surface.  Not  but  what  change  of  pres- 
sore,  brought  on  by  sudden  removal,  might  produce  some  derange- 
ment. Neither  temperature  nor  pressure,  then,  being  directly  of 
supreme  importance,  it  is  the  supply  of  oxygen  which  has  most 
influence  on. Animal  Life  in  the  deep  seas.  This  is  regulated  by  the' 
general  flow  of  water  near  the  sea-bottom, — a  flow  not  oonfined  to 
any  particular  passage  or  area,  but  maintained  by  difference  of 
[^>ecific  gravity,  produced  by  difference  of  temperature.  As  sea- 
water,  in  this  respect  differing  from  fresh- water,  continues  to  increase 
in  density  down  to  its  freezing-point,  which  is  27°  F.  if  agitated,  and 
25°  F.  if  still,  the  Polar  column  will  outweigh  the  Equatorial  column, 
and  there  will  be  a  lateral  outflow  at  the  bottom  towards  the  equa- 
torial area.  This  will  cause  a  lowering  of  water  in  the  polar  area, 
and  produce  a  surface-flow  of  water  from  the  Equator  towards  the 
Poles.  The  two  bottom-flows  from  either  pole  will  thus  meet  near 
the  Equator,  and  rising,  will  bring  oold  water  nearer  to  the  surface 
there  than  anywhere  else,  except  where  the  surface  itself  is  subjected 
to  cold.  In  this  way  the  bottom-temperature  of  the  South  Atlantic 
would  be  lower  than  that  of  the  North  Atlantic,  by  reason  of  the 
less  restricted  body  of  the  polar  flow  in  the  former.  The  tables 
given  in  the  "Challenger's"  report  confirm  the  conclusions  thus 
arrived  at.  From  these  we  find  that  the  general  temperature  of  the 
North  Atlantic  bottom  is  about  35 J°  or  36^  F.,  decreasing  to  34°  F. 
near  St.  Thomas,  and  under  the  Equator  itself  to  32-4°  F.,  the  lowest 
temperature  of  all.  This  section  proves  that  the  South  Atlantic 
under-flow  extends  north  of  the  Equator,  as  had  been  previously 
surmised  by  the  lecturer.  Only  one  section  was  made  in  the  South 
Atlantic,  and  no  temperatures  lower  than  33^°  F.  were  there  obtained, 
the  expedition  not  happening  to  hit  upon  the  channel  which  brought 
in  the  water  at  32-4°  F.  found  under  the  Equator.  Most  remarkable 
of  all  is  the  line  of  85°  F.  which  can  be  traced  across  the  South 
Atlantic  and  then  gradually  slopes  down  in  the  North  Atlantic  till 
it  is  lost.  The  temperature  of  the  North  Atlantic  depths  is  pro- 
bably about  3^  F.  higher  than  in  the  South  Atlantic  Off  the  coast 
of  Lisbon,  in  lat.  38°  N.,  the  line  of  40°  F.  is  found  at  700  to  800 
fathoms ;  in  lat.  22^  N.  at  700  fathoms ;  and  on  the  Equator  at  300 
fathoms  only,  descending  from  a  surface  temperature  of  75°  F. 
The  reason  for  this  has  been  already  shown  to  be  the  continual  rise 
of  the  Polar  under-flow  towards  the  surface  in  the  Equak,\;OY\^V 
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A  farther  confirmation  of  these  views  is  obtained  from  a  oompariaon 
of  tspecifio  grayities.  The  density  (due  to  salinity)  of  snrfaoe-water 
increases  from  the  poles  to  the  tropics,  while  that  of  bottom- water 
in  the  tropics  is  nearly  the  same  as  in  the  polar  area.  Why  then 
does  the  bottom-water  of  the  tropics,  being  of  lower  salinity,  under- 
lie the  more  saline  strata  ?  Because  the  density  it  lacks  from  its 
lower  salinity  is  more  than  compensated  by  the  lowness  of  its  tem- 
perature. Passing,  however,  from  either  tn^io  towards  the  Equator, 
the  salinity  of  surface-water  is  found  to  diminish,  until  its  specific 
gravity  is  reduced  from  1027-3  to  10264  or  1026-3,  which  is  that  of 
the  polar  under-flow.  Lenz  adduced  the  low  salinity  of  the  surfuse- 
water  under  the  Equator  as  evidence  of  the  rise  of  polar  water  from 
the  bottom,  and  showed  that  there  is  a  band  of  water  at  the  Equator 
colder  than  any  to  the  north  or  south  of  it 

The  Oceanic  Circulation  thus  produced  brings  every  drop  of  water 
in  turn  to  the  surface,  enabling  it  to  part  with  carbonic  acid  and  to 
absorb  oxygen ;  this,  then,  is  its  importance  to  Animal  Life.  From 
the  analysis  of  gases  dissolved  in  the  water  of  the  oceanic  area,  it 
was  found  that,  for  45  per  cent  of  carbonic  acid,  there  was  usually 
from  16  to  20  per  cent  of  oxygen — this  being  the  result  of  a  series 
of  observations  taken  off  Ireland  and  Scotland  at  various  depths 
down  to  2000  fathoms.  This  amount  of  oxygen  is  sufficient  to  support 
a  large  quantity  of  Animal  Life,  in  spite  of  the,  to  air-breathers, 
fatal  proportion  of  carbonic  acid — if  indeed  the  carbonic  acid  be 
not  in  a  liquefied,  and  thus  perhaps  more  innocuous  form. 

In  the  Mediterranean  totally  different  conditions  prevaiL  It  was 
expected  that  a  Terticoy  fauna  would  be  found  at  great  depths, 
analogous  to  the  Cretaceous-like  fauna  of  the  ocean  outside.  Instead 
of  that,  only  a  viscid  mud,  almost  devoid  of  life,  was  brought  up. 
llio  western  basin  has  a  depth  of  1600  fathoms,  the  eastern  basin 
one  of  2000  fathoms ;  the  bottom  temperature  is  nearly  uniform  at 
about  55°  F.,  a  great  difference  in  thermal  condition  from  the 
Atlantic.  The  reason  is  that  the  Mediterranean  is  cut  off  entirely 
from  the  polar  under-flow,  which,  off  Lisbon,  produces  a  temperature 
of  40^  F.  at  a  depth  of  700  fathoms,  and  86J°  at  1600  fathoms.  In  the 
Mediterranean,  on  the  other  hand,  we  have  a  surface  temperature  from 
60°  to  70°  F.,  which,  in  the  first  100  fathoms,  falls  to  54°  or  55°  F., 
below  which  to  the  bottom,  no  matter  at  what  depth,  there  is  no  change 
at  all,  but  a  slight  variation  according  to  latitude,  due  in  part  to  the 
mean  winter  temperature  of  the  locality.  The  whole  of  the  lower 
portion,  therefore,  below  the  influence  of  the  Gibraltar  current,  is  a 
mere  stagnant  pool ;  and  this  is  the  explanation  of  the  absence  of 
Animal  Life  except  in  the  shallows.  The  impalpable  mud,  which  is 
slowly  settling  to  the  bottom,  may  also  not.  be  without  its  effect 
This  is  the  result  of  the  attrition  of  soft  Tertiary  shores,  and  of  the 
clay  l)rouglit  down  by  the  Khone  into  the  western  basin,  and  by  the 
Nile  into  the  eastern,  the  finer  particles  pervading  the  entire  sea. 
Corals  and  Bivalves  suffer  from  it  especially,  The  per-centage  of 
carbonic  acid  was  found  to  be  as  high  as  60,  whilst  that  of  oxygen 
only  5 ;  this  is  believed  to  be  due  to  the  organic  matter,  brought 


Dr.  Carpenter^s  Lecture.  91 

down  by  the  rivers,  anng  np  tbe  oxygen.  These  unfavourable  con- 
ditions are  primarily  due  to  deprivation  of  the  genersJ  oceanic 
circulation,  wbich  maintains  life  at  such  great  depths. 

There  seems,  however,  to  be  a  limit,  in  respect  of  depth,  to  the 
preservation  of  animal  remains ;  due  possibly,  as  conjectured  by  Prof. 
Thomson,  to  the  solvent  power  of  sea- water  at  pressures  below  2200 
fitthoms.  This  may  serve  to  explain  the  passage  of  true  Glohigerina 
ooze,  first  into  grey  ooze,  poorer  in  calcareous  matter,  and  finally  at 
great  depths  into  red  ooze  devoid  of  lime.  Moreover,  this  dissolving 
of  calcareous  skeletons  at  great  depths  may  serve  to  explain  the  pro- 
duction of  Oreensands,  such  as  is  now  going  on  along  the  line  of  the 
Agulbas  current  These  consist  largely  of  the  internal  casts  of 
foraminifera,  the  sarcode  of  which  has  been  replaced  by  glauco- 
nitey  The  importance  of  such  facts  to  geologists  is  immense.  It 
was  the  examination  of  a  series  of  casts  of  similar  bodies  in  a 
green  silicate,  that,  years  ago,  formed  the  foundation  for  the  lecturer's 
interpretation  of  the  structure  of  Eozoon,  where  there  is  a  replace- 
ment of  its  sarcodic  body  by  a  green  silicate,  viz.  serpentine.  If 
the  sea-water,  under  this  tremendous  pressure,  has  dissolved  away 
the  shells  of  Foraminifera,  after  their  sarcode  has  undergone  the  sub- 
stitution alluded  to,  a  beautiful  application  of  this  kind  of  research' 
to  geological  phenomena  has  been  brought  forward. 

Referring  to  Ed.  Forbos's  limitation  of  mai-ine  life  to  300  fathoms, 
the  lecturer  observed  that  the  statement  was  true  of  the  iEgean,  as 
of  the  whole  of  the  Mediterranean,  where  there  is  abundant  life  in 
the  littoral  zone,  diminishing  rapidly  towards  250  fathoms,  below 
which  Animal  Life  is  almost  at  zero.  Finally  it  is  not  a  limit  of 
pressure,  of  heat,  or  even  of  food,  but  the  limit  of  oxygenation,  as 
determined  by  the  presence  or  absence  of  a  thermal  circulation, 
which  affects  the  life  of  animals.  So  that  deposits  forming  in 
inland  seas,  excepting  in  the  shallower  portions,  we  must  expect  to 
be  destitute  of  fossils.  This  is  well  illustrated  by  the  Miocene  strata 
of  Malta,  where  certain  coarsish  beds,  representing  shallow  water 
conditions,  are  full  of  fossils  in  a  fine  state  of  preservation  ;  whilst 
the  very  fine  building  stone,  corresponding  closely  with  the  finest 
calcareous  deposit  of  the  Mediterranean,  contains  hardly  any  re- 
mains but  such  as  would  fall  in  from  above,  e.g.  the  teeth  of  sharks. 
This  may  explain  the  paucity  of  fossils  in  many  strata,  especially  in 
the  Red  Sandstones  of  inland  seas.  Much  depends  upon  the  depth 
of  the  communication,  supposing  there  to  be  one,  with  the  oceanic 
circulation ;  and  the  level  of  this  may  be  often  inferred  from  a 
knowledge  of  the  line  of  permanent  temperature  of  such  inland  sea. 
To  the  general  paucity  of  animal  life  under  such  conditions  the 
Red  Sea  appears  to  be.  an  exception,  notwithstanding  the  shallow- 
ness of  the  Straits  of  Babelmandel.  This  is  probably  due  to  the 
absence  of  the  sediment  and  oxidating  matter  of  large  rivers, 
and  to  the  rocky  nature  of  its  shores,  conditions  which  insure  a 
clear  water ;  whilst  a  certain  circulation,  producing  oxygenation,  is 
kept  up  to  supply  the  enormous  evaporation,  which,  if  the  Straits 
were  closed,  would  desiccate  the  basin  in  three  or  four  hundred  ^^Ayx%. 
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Leonhabd  und  OsnriTz'f  ''Nbuss  Jahbbuob  fuk  MnrxKixoon, 
GsoLOGiK  VND  PaiJLontoloou."    Jahigang  1878.    Hefte  1-9. 

THE  many  memoirs,  and  the  namerouB  lettoni  to  the  editon  from 
aotive  and  well-known  geologists  and  minenlogists,  make 
this  as  rich  as  any  former  volume  in  original  matter;  whilst  the 
hibliographioal  register  of  published  memoirs,  and  the  multitadinous 
abstracts  of  books  and  papers,  treating  of  mineralogy,  cnrstallogimhy, 
mineral-chemistry,  geology,  and  palsdontology,  render  the  JiTsiiSf  Joikr- 
huch  indispensable  to  worldng  geologists  of  erezy  turn  of  mind,  who 
wish  to  keep  up  with  the  current  literature  of  their  adenoe.  As 
original  memoirs  they  will  find,  in  Palflsontology : — ^E.  toq  Eiiohwald 
on  the  limbs  of  the  Trilobite  (with  plate  i) ;  H.  B.  (Jeinits  on  the 
Cretaceous  Inoeeram;  Zelger,  Tertbraivla  9ulgari$  in  the  Oypsi- 
ferous  Keuper  of  Fianoe;  E.  Qeinits,  Fossils  (Insects  and  Plants) 
of  the  Bituminous  Shale  of  the  Lower  Dyas  (Permian)  of  Saxony 
(plate  iii.) ;  0.  W.  Giimbel  on  OoooolithSy  limestone,  and  Oolite; 
Fr.  Schmidt  on  Pieraepi$  Kneri ;  eta 

In  Qeology : — ^Ferd.  Bomer's  tour  in  the  Sierra  Morena ;  H.  Lorets 
on  the  Alpine  Trias,  etc.,  in  South-l>px>l ;  F.  Sandberger  on  the 
Miocene  formations  in  the  Swiss  and  Swabian  Jura ;  0.  Naumann 
on  the  younger  Gneiss  near  Frankenberg  in  Saxony  (woodcuts) ; 
H.  Laspejres  on  the  marine  origin  of  the  Bothliegende  of  Saxony ;  E. 
Cohen,  Geological  Notes  on  Griqualand,  Transvaal,  and  the  Diamond 
Diggings  and  Gold-fields  of  South  Africa ;  B.  Ih*asche,  Geological 
Notes  on  Christiania  and  Spitzbergen ;  A.  Jentzsch  on  the  causes  of 
the  Glacial  Period  ;  H.  Hofer,  the  Ice-age  in  Mid-Carinthia ;  A. 
Strang,  the  Circulation  of  Matter  in  Nature;  G.  vom  Bath,  the 
Belluno  Earthquake ;  AL  Stelzner's  tour  in  the  Argentine  Provinces 
San  Juan  and  Mendoza ;  etc. 

In  Petrology  and  Mineralogy: — G.  vom  Bath  on  the  crystallo- 
graphic  system  of  Leucite  (plate  ii.),  and  on  the  Sulphur-mines  of 
Girgenti ;  A.  von  Lasaulx  on  Ardennite ;  A.  Streng  on  some  Por- 
phyrites ;  Th.  Petersen,  the  Basalt  and  Hydrotachylyte  near  Darm- 
stadt ;  Burkart,  some  Tellurium  Minerals  from  North  America ;  C, 
Dolten,  the  Tuff-rocks  of  South-T^rol ;  Th.  Scheerer,  the  Genesis 
of  Granulite ;  H.  Mohl's  microscopic  examination  of  some  basalts  of 
Baden  (plate  iv.) ;  H.  Bahren's  Spectrum  of  Opal  (plate  v.) ;  A. 
Knop,  Petroleum  in  the  Odenwald  ;  and  mineralogical  papers  by 
A.  Frenzel,  F.  Wibel,  H.  Schroder,  Kenngott,  Ad.  Pichler,  Laspeyres, 
A.  Knop,  and  others,  T.  B.  J. 


Geological  Sooikty  op  London.  —  December  2,  1874. — John 
Evans,  Esq.,  F.B.S.,  President,  in  the  Chair. — The  following  com- 
munications were  read : — 

1.  **  On  the  Femur  of  Cryptosaurua  humerus  (Seeley),  a  Dinosaur 
from  the  Oxford  Clay  of   Great  Gransden."     By  Harry  Govier 


Geological  Society  of  London.  03 

Seeley,  Esq.,  F.L.S.,  F.O.S.,  Professor  of  Physical  (Geography  in  the 
Bedford  Ck>llege,  London. 

The  author  described  this  femur  as  showing  a  slight  forward  bend 
in  the  lower  third  of  the  shaft,  and  as  having  the  terminal  portions 
wider  in  proportion  to  the  length  of  the  bone  than  in  any  described 
DinoBaarian  genus.  He  pointed  out  its  dififerences  from  the  cor- 
responding bone  in  ISegalo^auTus,  Jguanodon,  and  other  genera. 
The  length  of  the  femur  was  stated  to  be  about  one  foot. 

2.  '*  On  die  Succession  of  the  Ancient  Rocks  in  the  vicinity  of 
St.  David's,  Pembrokeshire,  with  special  reference  to  those  of  the 
Arenig  and  Llandeilo  groups  and  their  fossil  contents."     By  Heniy 

In  the  first  part  of  this  paper  the  author  described  the  general 
socoession  in  the  rocks  in  the  neighbourhood  of  St.  David's  from  the 
base  of  the  Cambrian  to  the  top  of  the  Tremadoc  group,  and  showed 
that  they  there  form  an  unbroken  series.  The  only  break  or  un- 
conformity recc^ized  is  at  the  base  of  the  Cambrian  series,  where 
rocks  of  that  age  rest  on  the  edges  of  beds  belonging  to  a  pre- 
Cambrian  ridge. 

In  the  second  part  the  author  gave  a  minute  description  of  the 
rocks,  comparing  the  Arenig  and  Llandeilo  groups,  as  seen  in  Pem- 
brokeshire, with  each  other,  and  also  with  those  known  in  other 
Welsh  areas. 

Each  group  he  divided  into  three  subgroups,  chiefly  by  the  fossil 
zones  found  in  them. 

1.  The  Lower  Arenig  was  stated  to  consist  of  a  series  of  black 
slates  about  1000  feet  thick,  and  to  be  characterized  chiefly 
by  a  great  abundance  of  dendroid  graptolites. 

2.  Middle  Arenig,  A  series  of  flags  and  slates,  about  1500  feet 
thick,  and  with  the  following  fossils  : — Ogygia  Bcutatrix,  0.  pel- 
tata,  Ampyx  Salteri,  etc. 

3.  Upper  Arenig,  A  series  of  slates,  about  1500  feet  in  thick- 
ness, only  recently  worked  out,  and  found  to  contain  a  large 
number  of  new  and  very  interesting  fossils  belonging  to  the 
following  genera:  viz.  Illanus,  lUanopsiSf  Placoparia,  Bar- 
randia,  etc. 

4.  Lower  Llandeilo,  A  series  of  slates  and  interbedded  ash, 
equivalent  to  the  lowest  beds  in  the  Llandeilo  and  Builth  dis- 
tricts, and  containing  species  of  JEglina^  Ogijgia,  Trinucleus, 
and  the  well-known  graptolites  Didymograptus  Murchisoni  and 
Diplograptua  foliaceiiSj  etc. 

6.  Middle  Llandeilo,     Calcareous  slates  and  flags,  with  the  fossils 

Asaphus  tyrannus,  Trinttcleua  Lloydii,   Calymene  camhrenais,  etc. 

6.    Upper   Llandeilo,      Black   slates   and   flags,    with    the   fossils 

Ogygia  Buchiij  Trinucleus  fimbriatns,  etc. 
The  Arenig  series  was  first  recognized  in  North  Wales  by  Prof. 
Sedgwick  about  the  year  1843,  and  was  then  discussed  by  him  in 
papers  presented  to  the  Society.  The  Llandeilo  series  was  discovered 
by  Sir  li.  Murchison  previously  in  the  Llandeilo  district,  but  its  posi- 
tion in  the  succession  .was  not  made  out  imtil  about  1814.    Tk^  QkOO- 
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logical  Survey  liave  invariably  indoded  tlie  Arenig  in  the  LlandeQo 
group;  but  it  was  now  ahown  that  thia  oooorred  entizely  from  a 
mistaken  idea  as  to  the  relative  position  of  the  two  aeriefl,  whioh 
were  now  shown  to  be  entirdy  distinct  groups,  the  equivalents  of 
both  groups  being  present  in  Cwnarvonshire,  Shropshire,  and  Pern* 
brokeshire,  but  the  Llandeilo  group  only  of  the  two  being  developed 
in  Carmarthenshire. 

The  lines  of  division  in  the  series  were  said  to  be  strongest  at  the 
top  of  the  Menevian  group  and  at  the  top  of  the  Tremadoc  group, 
these  lines  being  palaeontologioal  breaks  only,  and  not  the  result  of 
unconformities  in  the  strata.. 

Discussion. — Professor  Ramsay  complimented  the  anthor  on  having  brought 
forward  a  paper  so  well  worked  out.    He  gave  an  account  of  his  own  early 

feological  work  in  Wales,  and  stated  that  he  had  mapp|ed  the  rocks  referred  to  by 
fr.  Hicks  in  1841.  He  differed  from  the  author  in  believing  his  supposed 
Laurentian  rocks  to  be  igneous.  They  were  metamorphosed  Cambrian  depouts, 
which  had  lost  all  traces  of  their  aqueous  origin.  In  1841,  no  fossils  had  been 
found  below  the  Llandeilo  Flags  in  any  part  of  the  series  described  by  Mr.  Hicks, 
and  thus  there  was  no  ground  for  establishing  those  palseontological  divisions  in 
the  series  which  were  indicated  in  the  present  paper.  He  statea  that  he  traced 
the  line  between  the  blue  flags  and  the  Cambrian  slates,  and  believed  that  it  wcmld 
show  an  unconformity  between  the  Tremadoc  slates  and  the  Lower  Ll^mdeila 

Prof.  Hughes  observed  that  the  fossils  by  which  the  rocks  under  discussion  wcfe 
subdivided  did  not  occur  all  through  the  several  groups,  but  only  in  widely 
separated  zones  ;  and  that  between  those  zones  sometunes  one  line  and  sometimes 
another  had  been  taken  as  the  arbitrary  boundary,  often  to  be  shifted  in  conie- 

2uence  of  the  discovery  of  other  fossiliferous  bands.  The  line  referred  to  by  Prof. 
lamsay,  as  that  which  he  was  tracing  in  North  Wales  for  the  base  of  his  Llandeilo, 
was  a  most  useful  line  to  draw,  as  helping  to  trace  horizons,  but  was  not  shoMm  to 
be  coincident  with  any  great  br^k  in  succession.  The  Silurian  system  had  not 
and,  after  several  changes,  has  not  for  its  upper  boundary  a  line  representing  any 
break  in  the  continuity  of  deposition.  Nor  had  it  at  first  nor  has  it  now,  after 
much  modification,  any  well-defined  natural  boundary  for  its  base-line.  The  only 
break  in  it  is  that  which  occurs  at  the  base  of  the  May  Hill  Sandstone,  and  that  was 
unrecognized  till  pointed  out  by  Prof.  Sedgwick,  many  years  after  the  publication 
of  the  '*  Silurian  System,"  the  author  of  ^^liich,  seeing  that  his  system  had  no  base 
on  which  to  rest,  took  in  group  after  group  of  the  underlying  series,  and  to  justify 
himself  had  to  prove  at  each  step  that,  as  yet,  no  break  luul  been  found  in  the 
series  ;  till  at  length  he  got  down  to  the  lowest  Cambrian,  part  of  which  he  included 
in  his  Primordial  Silurian.  It  was  now  well  known,  and  that  chiefly  through  the 
labours  of  Mr.  Hicks,  that  no  strong  line  could  be  drawn  there,  and  we  must 
therefore  take  it  down  to  the  bottom  of  the  Cambrian  conglomerate,  or  up  to  the 
base  of  the  May  Hill  Sandstone.  Between  these  horizons  lie  the  Cambrian  rocks 
of  Prof.  Sedgwick,  a  well-defined  natural  group  and  an  ancient  name,  which, 
following  the  true  principles  of  classification  and  justice  in  our  nomenclature,  we 
must  adopt. 

Mr.  Ktheridge  remarked  that  several  species  pass  up  from  the  Trenuidoc  into 
the  Llandeilo,  and  that  the  line  between  the  Tremadoc  and  the  Llandeilo  of 
Sedgwick  was  not  settled.  In  all  cases  of  this  kind  stratigraphical  or  pa]ax)nto- 
logical  evidence  alone  was  not  sufficient,  the  two  required  to  be  concordant.  He 
entered  at  some  length  into  the  palxontological  statistics  of  the  deposits  under 
discussion,  and  dwelt  especially  on  the  fact  that  of  70  species  of  fossils  found  in 
the  Tremadoc,  only  four  pass  up  into  the  Arenig.  The  break  at  the  top  of  the 
Tremadoc  was  thus  palorontologically  of  great  importance,  although  not  apparent 
stratigraphically.  Hardly  any  of  the  Lower  Llandeilo  (or  Arenig)  species  agree 
with  those  of  the  Llandeilo  Flags.  The  species  at  the  top  of  the  Stiper  have  a 
peculiar  facics  of  their  own,  and  would  not  be  recognized  as  Arenig. 

Prof.  Seclcy  said  that  the  subdivisions  of  the  Cambrian  series  of  Sedgwick  were 
based  solely  on  palaiontological  evidence,  and  that  to  the  physical  geologist  the 
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deposits  formed  a  single  series,  'which  could  be  subdivided  upon  stratigraphical 
grounds.  But  although  there  was  no  evidence  of  unconformity  between  the  strata, 
be  thought  that  the  fact  of  different  groups  of  fossils  succeeding  each  other  in  the 
same  area  showed  that  those  groups  existed  in  neighbouring  seas,  and  had  been 
driven  by  upheaval  of  the  sea-bottom  on  which  they  lived,  into  the  region  in  which 
they  are  found.  Hence  he  maintained  that  a  change  in  the  forms  of  life  is  evidence 
of  unconformity  in  an  adjoining  area. 

Mr.  Maw  remarked  that  under  the  Cambrian  rocks  at  Llanberis  there  are  un- 
conformable beds,  which  may  be  the  equivalents  of  the  so-called  Greenstones  of  St. 
David's. 

Mr.  Hicks  admitted  that  the  subdivisions  at  present  in  use  may  need  to  be 
modified.  He  thought  that  the  greatest  break  is  between  the  Menevian  and  the 
Lingnla  Flags,  few  species  passing  from  one  to  the  other.  He  r^arded  the  upper 
and  lower  portions  of  the  Tremadoc  as  really  distinct. 


VOLCANIC  ROCKS  OF  THE  LAKE-COUNTRY. 

Sib, — As  much  interest  attaches  to  the  qaestion  of  the  relation  of 
the  volcanic  rocks  of  the  Lake-ooimtiy  (the  Green  Slate  and  Porphyry 
series)  to  the  older  Skiddaw  Slates,  and  as  one  of  as  formerly 
expressed  an  opinion  on  the  subject  contrary  to  what  the  subsequent 
researches  of  the  Geological  Survey  have  made  out,  it  may  interest 
some  of  your  readers  to  learn  that  we  have  lately  discovered  in 
Swindale,  near  Shap,  beds  of  volcanic  ash  of  the  Green  Slate  and 
Porphyry  series  clearly  interbedded  with  the  Skiddaw  Slates,  similar 
to  the  case  discovered  by  Mr.  Aveline  near  Black  Comb. 

J.  R,  Dakyns,  Kendal, 

J.  Clifton  Ward,  Keswick. 


DEEP  BORING  IN  PRUSSIA. 

8m, — I  send  you  some  particulars,  with  which  I  have  lately  been 
favoured  by  Professor  A.  von  Koenen,  of  Marburg,  respecting  the 
deep  boring  made  by  the  Prussian  Government  Engineers  at  Speren- 
berg,  about  25  miles  south  of  Berlin,  and  noticed  by  your  cor- 
respondent J.  P.  at  page  48  of  the  Geological  Magazine  for 
January. 

The  boring  for  the  first  956  feet  (1297J  English  feet)  was  made 
by  manual  labour,  at  a  cost  of  about  £1600. 

Several  accidents  having  happened,  the  borehole  was  then  lined 
for  a  depth  of  85  feet  (115 J  English  feet)  with  tubes  of  15  inches 
diameter;  beyond  that,  to  the  depth  of  100  feet  (135  English  feet), 
with  14-inch  tubes ;  and  then  to  363^  feet  (493J  English  feet)  with 
tubes  of  12^  inches  diameter. 

The  length  of  time  occupied  in  the  above-mentioned  work  was 
fifteen  months — comprised  between  May,  1867,  and  July,  1868. 

From  the  depth  of  956  feet  (1297^  English  feet),  for  the  remain- 
ing  distance,  tlie  boring  was  carried  on  by  means  of  a  steam-engine. 
The  length  of  time  consumed  in  sinking  this  additional  3095  feet 
(4255  feet  English),  comprised  between  January,  1869,  and  the 
15th  September,  1871,  was  about  31^  months,  or  2  years  and  7 
months ;  during  which  interval  several  accidents  occurred. 
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The  total  expenditure  upon  the  whole  boring,  4051  feet  (6570 
English  feet),  both  by  manual  labour  and  by  steam  power,  was 
about  £8717  14«. — making  the  average  oost  for  every  Prussian  foot 
in  depth  about  2  guineas,  or  £1  lis.  4d.  per  English  foot^ 

The  whole  time  spent  on  the  work  was  51^  months,  or  4  yean 
and  3^  months ;  but  as  there  was  an  interval  of  5  months,  between 
July,  1868,  and  January  1871,  during  which  period  the  boring 
operations  were  suspended,  the  actual  number  of  working  months 
becomes  reduced  to  46}. 

The  process  of  boring  throughout  was  by  percussion  borers  worked 
by  rods  ;  and  the  rooks  bored  through  belonged  to  the  Triasdo  series. 

The  progress  of  the  work  would  have  been  much  greater  but  for 
the  accidents  which  took  place,  and  for  the  delays  which  were  caused 
by  the  observations  that  were  made  as  to  the  increase  of  the  tempera- 
ture of  the  earth  in  depth,  etc. 

The  measurements  were  taken  in  Prussian  feet;  these  have  been 
reduced  to  English  feet — ^the  Prussian  foot  being  12*857  English 
inches. 

A  memoir  (''  Die.  Tiefbohrung  zu  Sperenbei^  ")  on  the  subject  of 
this  interesting  undertaking  will  be  found  in  the  "Zeitschrift  fur 
das  Berg-  Hutten-  und  Salinen-Wesen  in  dem  Preussischen  Staate,** 
Band  xr.  1872. 

H.  W.  Bbisiow. 

28,  JsKicTN  Stbbbt, 
January,  1875. 


THE  GREAT  RH-ETIC  BONE-BED  NEAR  FROME. 

Sir, — To  those  of  your  readers  who  make  a  special  study  of  the 
Bhaatic  beds,  it  may  be  of  interest  to  know  that  the  great  Bone-bed, 
situate  in  the  Black  Shales  of  the  above  series,  and  replete  with  its 
usual  remains,  has  been  met  with  at  the  depth  of  310  feet,  in  a  pit, 
at  present  being  sunk  by  James  Oxley,  Esq.,  of  Frome,  to  the  Lower 
Series  of  Coals  of  the  Somersetshire  basin,  about  two  miles  N.W.  of 
Frome,  and  on  the  S.E.  flank  of  the  Mendip  Hills. 

Alfrsd  G.  Cbutwxll. 

Wbst  Hill,  Fboxe, 
16  Jan,  1875. 


Artesian  Well  at  Torquay. — The  Diamond  Boring  Company 
are  sinking  an  artesian  well  on  the  premises  of  the  Torquay  Brewing 
Company,  in  Fleet-street,  Torquay.  About  i)0  feet  of  solid  limestone 
(Devonian)  has  been  penetrated.  It  is  anticipated  that  an  abundant 
supply  of  water  will  be  reached  at  a  depth  of  about  200  feet ;  but 
although  this  may  be  regarded  as  very  problematical,  there  is  no 
doubt  that  if  the  work  proceeds  a  very  interesting  geological  section 
will  be  obtained. 
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L — "Uniformity"  and  ** VuiiOanioity." 
Bj  the  Be?.  0.  Fisheb,  M.A.,  F.G.S. 

0M£  geologists  there  are  who  are  prevented  from  carrying  out 
on  an  extended  scale  observations  in  the  field  They  may 
well  envy  those  who  have  the  strength,  leisure,  freedom  from  loccd 
dutiee,  and  means  to  travel.  Such  accurate  descriptions  as  they 
receive  from  a  pen  like  Mr.  Judd's,  enable  them  to  see  with  other 
eyes,  and  to  test  the  theories  which  they  spin  out  of  their  brains  by 
wider  information.  They  must  accept  Uieir  position,  and  either 
^leculate,  or  do  nothing,  in  their  favourite  science.  Happily  Mr. 
Judd  admits  that  speculation  has  its  value,  and  Mr.  Clifton  Ward  is 
of  the  same  opinion. 

But  we  are  warned  not  to  **  abandon  those-  safer  methods  of 
inquiry  based  on  tlie  doctrine  of  Uniformity,*'  nor  "to  revert  to  the 
earlier  methods — ^in  effect,  to  substitute  cosmogony  for  geology."  * 

What  is  meant  by  the  doctrine  of  Uniformity  ?  If  it  be  simply 
that  like  forces  have  produced  like  results  in  all  former  times  to 
what  they  produce  at  present, — in  other  words,  that  the  laws  of 
nature  have  never  chamged, — then  no  doctrine  can  be  more  certain. 
But  if  it  teaches  that  **  all  things  continue  as  they  were  from  the 
beginning  of  the  creation," — in  other  words,  that  the  forces  of  nature 
act  upon  matter  which  has  always  been  in  the  same  condition  as  at 
present, — then  I  submit  that  the  doctrine  of  Uniformity  itself  ought  to 
be  **  abandoned."  To  apply  the  principle  to  Vulcanology  :  "  It  would 
be  very  wonderful,  but  not  an  incredible  result,  that  volcanic  action 
has  never  been  more  violent  on  the  whole  than  during  the  last  two 
or  three  centuries  ;  but  it  is  as  certain  that  there  is  now  less  volcanic 
energy  in  the  whole  earth,  than  there  was  a  thousand  years  ago,  as 
it  is  that  there  is  less  gunpowder  in  a  "  Monitor,"  after  she  has  been 
seen  to  discharge  shot  and  shell,  whether  at  a  nearly  equable  rate 
or  not,  for  five  hours  without  receiving  fresh  supplies,  4;han  there 
was  at  the  beginning  of  the  action."  * 

If  the  doctrine  of  Uniformity  in  this  sense  be  untenable  in  its 
application  to  the  condition  of  the  earth  in  all  past  time,  then  we 
are  necessarily  led  backwards  to  cosmogony ;  and  I  cannot  see  why 
our  science  should  not  be  permitted  to  connect  itself  with  cosmogony 
at  the  one  extremity,  as  it  has  lately  become  firmly  united  to 
archflBology   at  the   other.     "  The  earlier   methods "   led   often  to 

*  Mr.  Judd,  On  Volcanos,  Geol.  Mao.  Dec.  II.  Vol.  II.  p.  3. 

'  Thomson,  On  the  Secular  Cooling  of  the  Earth,  Nat.  Phil.  p.  714. 
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fallacioas  results,  because  the  facts  of  C^lc^  weze  then  little 
knowu.  Speculation  preceded  observation,  lout  we  have  now- 
immense  stores  of  observations,  by  which  speculation  may  be  guided ; 
and  if  speculators  are  not  so  perfectly  acquainted  with  these  as 
observers  are,  the  latter  can  check  them,  and  they  are,  as  Mr.  Ward 
has  proved  himself,  fully  equal  to  the  task. 

To  follow  speculation  to  its  legitimate  conclusions,  some  know- 
ledge of  mathematics,  physics,  and  chemistry  are  needed,  as  Mr. 
Mallet  truly  tells  us.  The  philosophical  method  appears  to  be,  in 
Geology  as  in  other  kindred  sciences,  to  start  with  a  probable 
hypothesis,  and,  following  it  to  its  necessary  consequences,  to  in- 
quire whether  these  harmonize  with  observed  facts.  It  is  here  that 
mathematics  finds  its  proper  field.  That  scienoe  is  a  mode  of 
reasoning,  unerring  in  its  methods,  but  wholly  dependent  for  the 
truth  of  its  results  upon  the  premisses,  assumptions,  and  limitations, 
according  to  which  the  inquiry  is  conducted.  If  the  result  turuB 
out  to  bo  erroneous,  it  is  not  the  method  which  ought  to  bear  the 
blame,  but  the  original  hypotheses. 

Mr.  Mallet  has  lately  cast  down  his  gage  with  so  loud  a  ring  that 
he  has  arrested  general  attention,  and  his  theory  of  Yulcanicity  is  so 
ingenious  and  so  bold,  that  it  appears  to  have  thrown  many  minds 
into  one  of  two  states,  which  are,  either  of  them,  unfavourable  to 
calm  inquiry.     Those  whose  views  are  called  in  question  reply  in  a 
spirit  as  eager  as  that  in  which  they  have  been  challenged ;  while 
otliere,  charmed  with  the  novelty  and  seeming  simplicity  of  the 
theory,  embrace  it  as  of  course.     For  my  own  part  I  cannot  say  that 
my  mind  is  at  all  made  up  upon  the  subject ;  and  it  needs  more 
study  tlian  I  have  been  able  to  give,  before  I  can  persuade  myself 
that  I  oven  understand  his  argument.     But  I  am  free  to  allow  that 
I  consider  Mr.  Mallet's  paper  in  the  Philosophical  Transactions  an 
important  work.     The  mere  experiments  upon  the  resistance  which 
different  rocks  offer  to  crushing,  the  elaborate  tables  founded  upon 
them,  tlio  investigations  on  the  fusion  of  slags,  and  their  contraction 
in  cooling,  with  the  tabulated  results — all  these,  apart  from  any 
conclusions  drawn  from  them,  are  of  very  great  value.     Whether 
the  theory  of  Vulcanicity,  which  the  author  builds  upon  these  experi- 
ments, 18  their  legitimate  outcome,  is  the  point  really  in  question. 
Yet  as  far  as  I  have  seen,  it  has  been  barely  touched  by  his  critics. 
The  question  when  simply  stated  appears  to  be  this.     Is  the  super- 
heated interior  of  the  earth  so  deeply  burieil  at  the  present  time  as 
to  render  it  highly  improbable  that  volcanos  should  be  channels  of 
communication  between  it  and  the  surface?     Mr.  Mallet  believes 
that  it  is  too  deeply  buried,  and  suggests  a  secondary  cause,  due 
ultimately,  nevertheless,  to  the  presence  of  a  heated  interior,  and  so 
accounts  for  volcanic  action.     Mr.  Scrope,  on  the  other  hand,  in- 
quires, why,  admitting  a  heated  interior,  should   it   be  sought  to 
brin^  in  a  secondary  cause  in  order  to  account  for  the  superficial 
manifijstations  of  its  presence.      This  query    is   clearly   pertinent. 
Yet,  for  all  that,  it  may  have  to  be  answered  that  such  a  secondary 
cause  is  necessary.     So  the  question  might  be  asked  and  answered, 
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Why  look  to  a  secondary  cause  to  account  for  the  fire  which  flies 
from  the  wheel  of  a  railway  carriage,  when  the  brake  is  applied, 
knowing  that  a  hot  furnace  is  burning  in  the  engine.  The  two 
cases  are  more  nearly  parallel  than  they  appear. 

Before  the  matter  in  dispute  can  be  settled,  Mr.  Mallet's  theory 
needs  to  he  criticized  closely  from  his  own  point  of  view,  to  inquire 
whether  he  is  justified  in  claiming  for  it  a  capability  for  producing 
the  actual  phenomena  of  vulcanicity,  both  present  and  past.  And 
eyen  if  it  should  turn  out  to  be  capable  of  that,  3Ir.  Scro]>e's  view 
may  still  be  ooncurrently  true,  unless  it  can  be  shown  that  no  direct 
commmioation  oan  exist  between  the  surface  of  the  globe  and  its 
heated  interior.  That  part  of  Mr.  Mallet's  conclusions  which  Mr. 
Ward  refutes  does  not  appear  to  be  of  the  essence  of  the  question. 
Indeed  a  oouTert  to  his  main  theory  might  hold  quite  different 
opinions  from  his  with  respect  to  the  sequence  and  formation  of 
some  of  tiie  great  features  of  the  globe. 

n. C05TBIBUTI0N*8  TO  THE  StCOT  OF  V0LCANO& 
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The  Lipari  Islands. — ^Yulcano. 

(PLATE  VII.) 

During  the  earliest  periods  concern ing  which  we  have  historical 
records  in  Southern  Europe,  Vessuvius  was  certainly  inactive,  it-*  tnie 
character,  indeed,  long  remaining  wholly  unsuspected  ;  nor  do  the 
eruptions  of  Etna  at  this  epoch  apiH?ar  to  liave  been  of  sui  h  a 
character  as  to  have  powerfully  arrested  the  attention  and  excited 
the  imaginations  of  the  oldest  inhabitants  of  tlie  district.  F.ir 
otherwise  was  it,  however,  with  the  volcanos  of  the  Lipari  Islands ; 
in  these  the  manifestations  of  igneous  activity  had  l>eeu  so  constant 
and  striking,  that  priests,  poets,  and  philosophers  had  successively 
associated  the  locality  witli  their  most  marvellous  stories. 

Identified  in  the  older  mythologies  with  the  forgo  of  Vulcan  and 
the  workshop  of  the  Cyclops,  it  is  not  surprising  to  find  the  super- 
stitious mariners  applying  to  tlie  southern  and  more  violently  active 
of  the  Lipari  Tolcanos  the  name  of  Iliera — or  the  Sacrod  Isle.  And 
its  Tast  crater,  presenting  by  day  bellowing  finnaroles,  and  by  ni^ht 
glowing  fires,  is  not  inappropriately  selected  by  Virgil  as  the  SLvno 
of  the  forging  of  the  armour  of  JEneas. 

In  later  times,  when  fear  and  fancy  had  begun  to  give  idaco 
to  curiosity,  the  historians,  geographers,  and  philosophers  of  Konio 
gave  more  sober  and  accurate  accounts  of  the  phenomena  o^  this 
island;  and  its  later  name  of  *' Vulcano"  or  **  Volcano*'  has  j;:mdu:illy 
come  to  be  applied  to  all  mountains  where  igneous  forces  arc  siniilirly 
displayed.  Nor,  as  we  shall  attempt  to  show  in  this  chapter,  is  this 
Tolcano  unworthy  of  the  distinction  which  it  thus  accitlcntally 
acquired — ^that  of  serving  as  the  prototype  of  all  the  memlKi-s  of 
its  class.  Observatiims,  carried  on  during  longer  periods,  and  over 
far  larger  portions  of  the  earth's  surface,  have  made  ua  ac<\v\.u\\\vi'\ 
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with  many  grander  volcanic  piles  and  with  more  striking  manifes- 
tations of  igneous  action ;  yet  it  may,  perhaps,  be  doubted  whether 
in  any  of  these  the  nature,  products,  and  causes  of  the  phenomena 
displayed  can  be  so  advantageously  studied  as  in  Ynlcano. 

In  seeking  to  sketch  the  early  lustory  of  this  volcano  it  would  be 
a  hopeless  task  to  attempt  the  separation  of  truth  from  its  embellish- 
ments in  the  legendaxy  stories  of  the  oldest  classical  writers;  yet 
we  may  at  least  accept  the  traditions  associated  with  Yulcano  as 
pro\'ing  that,  duripg  the  earliest  periods  of  the  occupation  of  the 
district,  its  outbursts  had  been  both  frequent  in  their  occurrence  and 
striking  in  their  characters.  As  we  come  to  lat^  times,  however, 
more  trustworthy  statements  concerning  its  general  condition  and 
its  paroxysmal  displays  of  violence  are  found,  in  the  writings  both 
of  geographers  and  historians. 

Thucydides,  in  the  fifth  century  before  Christ,  speaks  of  Yuloano 
as  throwing  out  a  considerable  smoke  by  day  and  flame  by  night. 
The  appearance  of  flames  was  doubtless  due,  as  in  all  volcanic 
oniptions,  to  the  reflexion  of  glowing  surfaces  of  lava  in  the  crater 
from  the  clouds  of  ejected  matter  rising  above  it,  or  to  fragments  of 
incandescent  solid  or  liquid  matter  mingled  with  the  latter. 

In  tlie  next  century,  Aristotle  records  a  grand  eruption  of  Yulcano, 
during  which  a  now  hill  was  formed ;  the  quantity  of  ashes  thrown 
out  being  so  great  as  to  entirely  cover  the  city  of  Lipari  (six  miles 
distant  from  the  volcano),  and  to  extend  to  several  of  the  towns  of 
Italy.  This  eruption  had  not  entirely  ceased  at  the  time  when 
Aristotle  wrote. 

Callias,  writing  in  the  third  century  before  Christ,  describes 
Yulcano  as  possessing  two  craters ;  one  of  which  was  nearly  2000 
feet  in  circumference,  and  threw  out  burning  stones  of  prodigious 
size,  with  a  noise  that  could  be  heard  at  a  distance  of  more  than 
Ijfty  miles. 

In  the  next  century  a  very  remarkable  and  important  eruption 
took  place,  during  which  a  new  island  gradually  rose  above  the  sea- 
level,  great  numbers  of  fish  being  killed.  This  account  is  usually 
interpreted  as  applying  to  the  formation  of  Vulcanello.  Posidonius, 
Pliny,  and  other  writers  who  record  this  interesting  event,  are  not, 
however,  agreed  as  to  the  exact  year  in  which  it  took  place.  From 
an  account  of  Yulcano,  written  in  this  same  century  by  Polybius, 
and  preserved  by  Strabo,  the  mountain  appears  to  have  had  three 
craters,  two  tolerably  well  preserved,  and  one  in  part  fallen  in.  The 
larger  crater  was  round,  and  about  1000  yards  in  circuit ;  its  interior 
was  funncl-shax)ed,  the  bottom  of  it  being  only  about  50  feet  in 
diameter,  and  GOO  feet  above  the  sea-level.  It  is  clear  that  these 
observations  must  have  been  made  during  a  period  of  inactivity  in 
the  volcano. 

Diodorus,  who  was  a  native  of  Sicily,  speaks  of  Yulcano  in  his 
time,  namely  the  century  before  the  Christian  era,  as  throwing  out 
bniniu*^  stones,  like  Stromboli  and  Etna.  Strabo,  who  wrote  just 
beibro  the  time  of  Christ,  tells  us  that  the  three  openings  or  craters 
of  V'ulcano  ejected  ignited  matters,  that  filled  up  a  part  of  the  sea  to 
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%  oonsideraUe  extent.    We  may  also  infer  from  the  deeonnt  of  Strabo 
that  Volcano  ejected  lava  in  his  time.  '  .   'v 

Lncilins  Junior,  l^liny»  cuid  Mela  Pomponius,  all  of.  them  writing 
in  the  first  centary  of  the  Christian  era,  speak  of  Yulcana  as  being 
in  a  utaie  of  actiyity.  •';• 

As  soon,  however,  as  we  lose  the  gaidance  of  the  classioal  authors, 
the  history  of  Vulcano  becomes  involved  in  the  greatest  obscurity. 
The  inhabitants  of  the  Lipari  Islands  suffered  greatly  from  the 
invasions  of  pirates  and  slave-hunters,  a  circumstance  of  whSch.tbe 
name  of  "  Monte  della  Ouardia,"  applied  to  the  highest  summits  ^ik 
almost  all  of  the  islands,  furnishes  a  melancholy  testimony.     tf*i^' 
not  therefore  surprising  to  find  that  the  Liparotes  gradually  acquired 
a  ferocity  of  disposition,  which  caused  their  inhospitable  shores  to  b^ ' 
shnnned  by  mariners  during  the  lawless  medissval  times.     So  late,  ' 
indeed,  as  the  last  century,  the  evil  reputation  of  the  islanders  was 
such  as  to  prevent  travellers  from  venturing  among  them ;  and  it 
was  not  nntU  the  Mediterranean  was  cleared  of  the  Barbary  pirates, 
at  the  commencement  of  the  present  century,  that  these  islands  could 
be  visited  with  perfect  safety. 

The  long  period  of  obscurity,  to  which  we  have  alluded,  is  only 
broken  by  a  brief  reference  of  Eusebius,  and  another  by  Orosius,  in 
the  fifth  century ;  and  by  the  following,  perhaps  legendary,  account : 

In  a  biography  of  St.  Willebald,  who  is  said  to  have  lived  between 
the  years  701  and  786,  there  occurs  the  following  passage  : — '*  From 
Reggio  St  Willebald  sailed  to  see  Vulcano,  one  of  the  Lipari  Islands, 
then  in  a  state  of  eruption.  The  saint  wished  to  obtain  a  view  of 
the  boiling  crater,  called  the  '  infemum  of  Theodoric,'  but  they  could 
not  climb  the  mountain  from  the  depth  of  the  ashes  and  scoria).  So 
they  contented  themselves  with  a  view  of  the  fiames,  as  they  rose 
with  a  roaring  like  thunder,  and  the  vast  column  of  smoke  ascending 
from  the  pit." 

It  would  seem  from  this  passage  that,  if  Vulcano  had  lost  the 
reputation  of  being  the  forge  of  Vulcan,  its  state  of  activity  and 
the  terrors  which  it  inspired  during  the  Dark  Ages  were  such  as  to 
cause  it  to  be  identified  with  a  still  more  dreadful  place.  Brydone, 
visiting  Etna  in  1770,  found  the  Sicilian  peasants  holding  the  belief 
that  its  crater  was  the  place  of  confinement  for  poor  Anne  Boleyn, 
who  had  exercised  so  unfortunate  an  influence  on  the  **  Defender  of 
the  Faith."  Vulcano  appears,  in  still  earlier  times,  to  have  been 
fixed  upon  as  the  place  of  torture  for  an  Arian  emperor. 

The  modem  history  of  Vulcano  commences  with  the  accounts 
given  by  Fazello,  who  was  a  native  of  Sicily,  and  lived  between  the 
years  1490  and  1570.  He  states  that  on  the  6th  of  February,  1444, 
a  great  eruption  occurred,  which  shook  all  Sicily,  and  alarmed  the 
coast  of  Italy  as  far  as  Maples  ;  the  sea  is  declared  to  have  boiled  all 
around  the  island,  and  rocks  of  vast  size  to  have  been  discharged 
from  the  crater.  A  number  of  submarine  eruptions  are  said  to  have 
taken  place  all  round  the  island,  fire  and  smoke  rising  above  the 
waves ;  and  cus  the  result  of  these  the  navigation  around  the  island 
was  totally  changed,  rocks  appearing  where  there  was  before  d^o;^ 
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water,  and  maxif-ipf  the  straits  aad  shallowB  being  completely  filled 
up.  At  a  lauEit .  period,  Fazello  appears  to  ha^ro  himself  visited  the 
island,  and- -relates  that  the  mountain  was  in  a  state  of  continual 
conflagration.  •'  He  states  that  from  its  gulf  (crater),  which  lay  in 
the  mid<^d!bf  the  island,  a  doud  of  thick  smoke  continually  issued, 
while  thj^iu'gh  the  fissures  of  the  stones  and  narrow  apertures  a  pale 
flame  arose  in  the  midst  of  a  dark  doud.  It  would  thus  appear 
that,*  after  the  grand  outburst  in  the  fifteenth  century,  the  Yolcano 
x>9lep8dd  into  a  condition  similar  to  that  which  it  now  presents. 
Anotber  interesting  fact  recorded  by  Fazello  is,  that  in  nis  time 
-^Tulconello  was  still  a  distinct  island,  separated  from  Ynlcano  by  a 
harrow  channel,  in  which  ships  could  lie  in  safiaty ;  but.  that  this 
bhannel  was  subsequentiy  filled  up  by  new  eruptions. 

Fresh  outbursts  of  Yulcano  appear  to  have  occurred  early  in  the 
seventeenth  century,  for  Oluverius  states  that,  standing  on  the 
opposite  shores  of  Sicily,  he  oould  perceive  fire  and  dark  amoke 
arising  from  the  mountain. 

Father  Bartoli,  who  visited  the  island  in  164:6,  relates  that  ^it 
contained  a  deep  gulf,  entirely  in  a  state  of  conflagration  within, 
and,  in  a  small  degree,  to  be  compared  to  Etna ;  and  from  its  mouth 
a  copious  smoke  continually  exhaled."  This  appears  to  have  been  a 
time  of  comparative  rest  in  the  volcano. 

In  1727,  however,  when  M.  d'OrviUe  visited  the  island,  the 
volcano  was  certainly  in  a  much  more  active  state.  It  had  then 
two  distinct  craters,  each  of  which  was  situated  at  the  summit  of  an 
eiuiuence.  From  the  most  southern  of  these,  which  was  about  a 
mile  and  a  half  in  circuit,  there  was  ejected,  besides  "  flame  "  and 
smoke,  ignited  stones ;  and  its  roaring  was  not  less  than  the  loudest 
thunder.  From  the  bottom  of  the  gulf  rose  a  small  hill  about  200 
feet  lower  than  the  top  of  the  crater,  and  from  this  hill,  which  was 
entirely  covered  with  "  sulphur  "  and  dirty  corroded  stones,  fiery 
vapours  exhaled  in  every  part.  M.  d'Orville  had,  however,  scarcely 
reaclMjd  the  edge  of  this  "  burning  furnace,"  when  he  was  obliged  to 
retire  precipitately. 

The  second  crater  lay  towards  the  northward  of  the  other.  Its 
**  conflagrations  "  were  more  frequent  and  ardent ;  and  its  ejections 
of  stones,  mixed  with  ashes  and  an  extremely  black  smoke,  almost 
continual.  M.  d'Oiville  further  relates  that  the  noise  of  this  vol- 
canic island  was  heard  for  many  miles ;  and  was  so  loud  at  Lipari 
(six  miles  away)  that  he  could  not  sleep  the  whole  night  that 
ho  remained  there. 

This  very  clear  and  explicit  account  of  the  state  of  Vulcano  is  of 
great  interest  to  us,  exhibiting  as  it  does  a  distinct  image  of  the  two 
cones  and  craters  upon  the  great  line  of  subterranean  fissure  and 
tho  rise  of  an  internal  cone  from  the  bottom  of  one  of  them.  More 
than  sixty  years  after,  Spallanzani  found  that  some  of  the  oldest  of 
the  inhabitants  of  Lipari  still  retained  an  imperfect  recollection 
of  the  existence  of  the  two  craters. 

At  what  period  these  were  obliterated  and  the  single  cone  formed, 
we  have  not  the  means  of  exactly  determining.     It  is  clear  that 
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between  the  years  1730  and  1740  the  volcano  was  in  a  state  of 
almost  continual  eruption ;  the  Abbe  Don  Ignazio  Bossi,  a  native 
of  the  island  of  Lipari,  kept  a  diary  of  observations  made  during 
these  ye€trs,  which  was  published  in  1761  by  Signer  Don  Salvadore 
Papacnri  of  Messina.  Bossi  speaks  of  an  almost  continual  discharge 
of  ashes  and  smoke  taking  place,  sometimes  rising  in  clouds  of  great 
density,  and  at  other  times  accompanied  by  explosions  of  great  vio- 
lence, earthquake  shocks  and  loud  roarings.  He  believed  from  his 
observations  that  the  changes  in  the  condition  of  the  volcano  were 
related,  in  some  way  or  other,  to  the  variations  in  the  state  of  the 
atmosphere  and  the  directions  from  which  the  wind  blew.  This 
question  we  shall  have  occasion  to  refer  to  more  particularly  here- 
after. Deville  speaks  of  violent  eruptions  having  taken  place  in 
1731  and  1739. 

That  a  series  of  almost  continual  ejections  during  more  than  ten 
jmiB  should  have  greatly  a£fected  the  form  of  the  cone  and  crater 
of  Vulcano  is  no  more  tlum  might  have  been  expected.  Fortunately, 
we  have  in  the  "  Travels  *'  of  M.  W.  de  Luc  an  account  of  the  state 
of  the  volcano  in  1757.  He  appears  to  have  been  the  first  writer  on 
the  island  who  ventured  to  enter  the  crater.  On  the  30th  of  March, 
in  the  year  mentioned,  he  managed  to  reach  the  bottom  of  the  crater 
by  a  narrow  passage  (probably  a  great  fissure  rent  in  the  side  of 
the  cone,  like  that  produced  in  Vesuvius  in  1872),  which  afforded 
him  admission  to  the  interior,  but  at  great  risk  of  being 
sufibcated  by  the  dense  sulphurous  fumes  that  enveloped  him.  His 
guide,  a  native  of  Lipari,  refused  to  accompany  liira.  He  describes 
the  bottom  as  being  very  ruj^ged  and  uneven,  with  a  number  of 
apertures,  from  some  of  which  issued  a  "  strong  wind,"  and  from 
others  sulphurous  vapours,  while  an  abyss,  GO  paces  in  circuit,  near 
one  of  the  sides,  gave  off  a  column  of  smoke  15  or  18  feet  in  dia- 
meter, with  a  roaring  sound  "  like  that  of  the  vapour  of  boiling 
water,  when  it  escapes  from  a  vessel  not  closely  covered."  The 
floor  of  the  crater  is  described  as  oval  in  form,  with  a  longer  diameter 
of  800  to  900  paces,  and  a  shorter  of  500  to  GOO  ;  but  the  sides  of  the 
crater,  which  are  spoken  of  as  perpendicular,  are  estimated  to  have 
been  only  from  150  to  200  feet  high.  Wo  may  probably  infer, 
therefore,  that  the  crater  had  become,  in  1757,  almost  filled  up  by 
the  fragmentary  ejections  of  the  long  period  of  constant  activity. 

M.  de  Luc  also  informs  us  that  the  sea  around  the  island  had  a 

yellow  colour  in  places,  and  in  others  emitted  fumes,  the  heat  at  the 

latter  places  being   intolerable,  and  the  fish  of  the  sea  killed.     A 

little  above  the  sea-level  he  found  springs  of  warm   water  issuing 

from  the  beach  and  flowing  into  the  sea  ;  and  around  these  spots  the 

surface  of  the  latter  was  covered  with  dead  fish.     It  seems  clear, 

therefore,  that  the  fumaroles  on  the  outside  and  on  the  submerged 

portions   of  the   volcano,   though  similar  in  character,  were  more 

numerous  and  violent  in  their  action  than  at  the  present  day.     This 

is,  of  course,  no  more  than  might  be  expected  so   shortly  after  a 

prolonged  series  of  violent  eruptions. 

In  17G8,  Sir  William  Hamilton  passed  by  Vulcano,  but  did  not 
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land  on  it ;  the  volcano  appears  at  this  time  to  have  lapsed  into  a 
state  of  quietness,  for  he  compares  it  to  the  Solfatara  of  Naples,  and 
his  artist,  Signer  Fabris,  gives  a  drawing,  in  which,  clouds  of  vapour 
are  represented  as  steadily  rising  from  it,  in  much  the  same  manner 
as  at  the  present  day.  Brydone  assures  us  that  in  1770,  when  he 
watched  the  island  for  a  whole  niglit,  neither  Vulcano  nor  Yulcanello 
emitted  any  glow  of  light,  but  only  threw  out  volumes  of  white 
"  smoke." 

In  1771,  according  to  Deville,  and  again  in  1775,  as  recorded  by 
Dolomieu,  great  eruptions  of  Yulcano  took  plaoe.  During  the  latter 
the  great  stream  of  obsidian  on  the  north  side  of  the  cone  is  said  to 
have  been  produced.  Spallanzani,  it  is  true*  has  thrown  doubt  on 
tliis  statement  of  Dolomieu,  on  the  ground  that  he  could  obtain  no 
confirmation  of  the  fact  from  the  inhabitants  of  Lipari ;  it  must  be 
remembered,  however,  that  Dolomieu  visited  Vulcano  only  six  years 
after  the  eruption  took  place,  while  Spallanzani  was  not  there  till 
seven  years  later. 

It  seems  to  me  extremely  probable  that  the  filling  up  of  the  crater, 
which  had  made  so  much  progress  at  the  time  of  M.  de  Luc's  visit 
in  1757,  had  probably  continued  till  1775,  when  the  liquid  lava  was 
able  to  overflow  the  crater-rim.  Dolomieu's  observations  on  the 
state  of  the  crater  in  1781  seem  to  be  quite  in  accord  with  this  view. 
The  sides  were  then  so  steep  that  he  was  unable  to  enter  the  crater, 
but  by  means  of  a  telescope  he  could  distinguish  two  small  pools, 
into  which  large  stones  slowly  sank  when  rolled  from  the  edge  of 
the  crater.  That  these  were  full  of  incandescent  lava  is  proved  by  a 
fact  that  Dolomieu  records,  namely,  that  the  vapours  of  Vulcano 
were  bj"^  night  resplendent  with,  placid  Jlames  (evidently  the  reflected 
glow  of  a  surface  of  lava  like  that  of  Stromboli)  that  rose  above 
the  mountain  and  diffused  their  light  to  some  distance. 

The  great  Calabrian  earthquake  of  1783,  which  was  violently  felt 
in  all  the  Lipari  islands,  does  not  appear  to  have  been  attended  by 
any  change  in  the  condition  of  Vulcano.  But  in  March,  1786, 
according  to  the  unanimous  testimony  of  all  the  islanders,  as  care- 
fully collected  by  Spallanzani  only  two  years  afterwards,  a  most 
violent  eruption  took  place.  At  first  a  series  of  subterranean 
thunderings  and  roarings  were  heard  over  the  whole  of  the  islands, 
but  accompanied  in  Vulcano  by  frequent  concussions  and  violent 
shocks.  Then  the  crater  threw  out  a  prodigious  quantity  of  sand 
mixed  with  immense  volumes  of  smoke  and  "  fire "  (incandescent 
matter).  This  eruption  continued  for  fifteen  days,  and  so  great  was 
the  quantity  of  sand  ejected,  that  the  circumjacent  places  were 
entirely  covered  with  it  to  a  considerable  depth.  This  eruption  in 
its  characters  and  effects  may  be  justly  compared  with  the  Vesu\'ian 
outburst  of  1822,  which  was  witnessed  by  Mr.  Scrope  and  so 
graphically  described  by  him. 

Two  years  after  this  great  outburst  of  Vulcano,  Spallanzani,  to 
whose  intelligent  observations  on  this  and  other  volcanos  geologists 
are  so  greatly  indebted,  visited  the  island.  Such  was  the  terror 
inspired  by   the  recent  eruption,   that  he  could  not  induce   any 
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liipaiote  to  acoompanj  him  into  the  enter.  A  resolate  Calabrian, 
banished  for  his  crimes  to  Lipari.  was  at  last  prevailed  upon,  hj 
the  offer  of  a  lai^  reward,  to  make  the  Tenture.  Spallanzani 
describes  the  bottom  of  the  crater  as  being  oval  in  form,  perhaps 
one-third  of  a  mile  in  circnmference,  and  coTered  with  sand  like 
the  sides.  The  walls  were  almost  perpendicalar,  and  so  high  that 
Spallanzani  judged  them  to  exceed  a  quarter  of  a  mile.  It  was 
only  on  the  south-east  side  of  the  crater,  where  some  of  the 
materials  had  slipped  firom  the  sides,  and  formed  a  sloping  talus, 
that  access  was  possible. 

In  the  centre  of  the  bottom  rose  a  small  hill,  about  45  feet  in 
diameter,  from  eveiy  part  of  which  a  dense  white  smoke  arose,  its 
lorfaoe  being  encrusted  with  salts.  On  the  west  side  of  the  crater- 
floor  a  mouth  30  feet  in  circumference  gave  off  a  column  of  dense 
white  smoke  with  a  loud  roaring  noise,  and  the  explosions  from  this 
aperture  had  evidently  blown  away  part  of  the  adjacent  crater-wall. 
Such  was  the  heat  and  sulphurous  stench  proceeding  from  this  **  bocca*' 
that  it  was  impossible  to  approach  it  closely ;  its  sides,  however,  could 
be  seen  to  be  coated  with  stalactites  composed  of  sulphur  and 
various  salts.  A  spring  of  water,  also  depositing  stalactites,  was  seen 
issuing  at  a  height  of  about  eight  feet  from  the  floor  of  the  crater. 
All  over  the  interior  of  the  crater,  and  at  many  points  around  it, 
innumerable  fnmaroles  poured  forth  jets  of  vapour,  and  in  many 
places  it  was  only  necessary  to  stamp  with  the  foot  in  onier  to  pro- 
duce fresh  ones.  The  gas  issuing  from  these  apertures,  the  sides  of 
which  were  intensely  hot,  sometimes  extinguished  a  candle  brought 
near  them;  but  at  other  times  the  gas  itself  became  ignited,  and 
burned  for  several  minutes  with  a  bluish-reil  flame.  At  night  several 
bluish  flames  could  be  seen  rising  from  the  bottom  to  the  height  of 
half  a  foot  or  sometimes  higher ;  and  these  were  most  numerous  and 
conspicuous  in  the  central  eminence. 

Spallanzani  describes  the  heat  at  the  bottom  as  being  so  great  as 
to  bum  his  feet,  causing  him  to  seek  refuge  on  the  large  blocks  of 
lava  scattered  about.  The  odour  of  sulphuretted  hydrogen  was  so 
strong  as  greatly  to  affect  his  respiration ;  it  was  in  consequence  very 
difficult  to  walk  round  the  crater,  and  quite  impossible  to  cross  it 
near  the  middle.  The  action  of  the  acid  vapours  on  the  fragments 
of  glassy  rock  was  very  marked ;  and  in  one  case  Spallanzani  was 
able  to  observe  the  commencement  of  change  produced  in  a  piece  of 
black  lava,  which  he  jammed  into  the  mouth  of  a  fumarole  and  re- 
examined afler  the  lapse  of  32  days. 

These  clear  descriptions  of  the  great  Italian  philosopher  enable  us 
to  refer  without  doubt  to  the  grand  eruption  of  17S6  the  pro- 
duction of  the  existing  vast  crater  of  Yulcano ;  and  this  crater,  it 
is  probable,  did  not  undergo  any  material  changes,  except  in  the 
number,  position,  products,  and  violence  of  discharge  in  its  fnmaroles, 
till  the  eruptions  of  1873-4.  That  the  signs  of  activity  should  have 
been  much  more  marked  two  years  after  the  great  eruption  than  they 
afterwards  became  is  no  more  than  might  have  been  expected.  The 
amount  of  igneous  action  going  on  in  1788  was  sufficient  to  cause 
an  obscure  red  glow  over  Sie  crater  by  night. 
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The  soaiheni  and  eztinot  portions  of  the  idaad  of  Yoloano  were 
inhabited  and  cultiyated  at  a  yeiy  early  period.  Bat  daring  many 
of  the  more  violent  eraptions,  which  shook  the  whole  island  and 
covered  it  with  thick  deposits  of  ashes,  the  inhabitants  would  doabt- 
less  be  driven  away,  l^is  was  certainly  the  case  daring  the  violent 
outbursts  of  the  ISth  century,  when  the  island  appears  to  have  been 
wholly  uninhabitable.  At  what  period  the  people  of  Lipari  found 
that  the  neighbouring  volcano  constituted,  in  its  abondant  chemical 
deposits,  a  great  source  of  wealth,  is  not  known.  It  is  said,  however, 
that  at  one  time  the  collecting  of  these  valuable  products  was 
abandoned,  on  account  of  the  aSeged  injury  done  to  the  vines  of 
Lipari  by  the  sulphurous  vapours.  On  the  work  being  resumed  by 
permission  of  the  King  of  Sicily,  furnaces  for  the  purification  of  the 
sulphur  are  said  to  have  been  established  in  the  Fossa  Anticcha.  The 
great  accession  of  activity  beneath  the  mountain,  which  heralded 
the  scries  of  outbursts  of  last  century,  nuuie  itself  felt  by  an  increase 
of  heat  in  the  soil,  and  abundant  disengagements  of  sufifocating  gases, 
and  this  once  more  caused  the  cessation  of  the  industry.  As  the 
terrors  produced  by  the  grand  eruption  of  1786  died  away,  and 
the  crater  began  to  graducdly  cool  down,  the  inhabitants  regained 
boldness  sufficient  to  enable  them  again  to  visit  the  crater  habitually, 
and  at  last  to  form  habitations  for  themselves  near  the  tempting  but 
dangerous  source  of  wealth,  by  excavating  miserable  homes  in  the 
old  tuff  cone  of  the  Faraglione. 

After  the  work  of  extracting  the  various  chemical  products  had 
been  carried  on  in  a  desultory  manner  for  a  considerable  time,  the 
crater  was  purchased  a  few  yeai*s  ago  by  a  Glasgow  firm  for  the  sum 
of  £8000,  and  regular  chemical  works  established  in  the  island.  The 
collocting  and  preparation  of  the  materials  for  exportation  now  em- 
ploys about  a  hundred  workmen,  the  whole  of  whom  are  Italians;  but 
the  necessary  capital  and  machinery  for  carrying  on  tho  operations 
are  supplied  from  this  country. 

Since  the  last  grand  eruption,  and  the  lapse  of  the  volcano  into 
comparative  tranquillity,  its  crater  has  been  visited  and  examined  by 
many  geologists.  Dr.  Daubeny,  who  visited  the  island  in  1824, 
observes : 

**The  operations  of  this  volcano  appear  to  be  going  on  with  much 
greater  vigour  than  those  of  the  Solfatara,  and  exhibit,  perhaps,  the 
nearest  approximation  to  a  state  of  activity  during  which  a  descent 
into  the  crater  would  have  been  practicable. 

"Nor  can  I  imagine  a  spectacle  of  more  solemn  grandeur  than 
that  presented  by  its  interior,  or  conceive  a  spot  better  calculated 
to  excite  in  a  superstitious  age  that  religious  awe  which  caused  the 
island  to  be  considered  sacred  to  Vulcan,  and  the  vaiious  caverns 
below  as  the  peculiar  residence  of  the  god. 

**  To  me,  I  confess,  the  united  effect  of  the  silence  and  solitude  of 
the  spot,  tho  depth  of  the  internal  cavity,  its  precipitous  and  over- 
hanging sides,  and  the  dense  sulphurous  smoke,  which,  issuing  from 
all  the  crevices,  throws  a  gloom  oiner  every  object,  proved  more  im- 
pressive than  the  view  of  the  reiterated  explosions  of  Stromboli, 
contemplated  from  a  distance,  and  in  open  day." 
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At  the  present  time  the  well-made  road,  leading  by  a  series  of  zig- 
zags to  the  summit  of  the  monntain,  and  the  excellent  viaduct  over 
which  this  road  is  conducted  into  the  interior — the  trains  of  laden 
asses  and  mules  passing  along  the  same — and  the  groups  of  busy 
workmen  scattered  over  the  floor  of  this  strange  workshop,  per- 
haps detract  somewhat  from  the  feeling  of  awe  which  the  place 
would  naturally  inspire.  What  has  been  lost  by  the  lover  of  the 
picturesque  and  wonderful,  however,  has  been  gained  by  the  student. 

Daubeny  and  Abich  both  availed  themselves  of  the  especially 
Taluable  opportunities  afforded  by  Vulcano  for  making  observations 
on  the  gases  evolved  by  volcanic  vents.  M.  Charles  Ste.-Claire 
Deville  and  M.  F.  Leblanc,  however,  made  a  series  of  much  more 
systematic  experimental  inquiries  here  in  1855-6.  And  still  later, 
in  1865,  M.  Fouque  has  continued  these  studies,  and  carried  them 
much  farther.  To  the  results  obtained  by  these  eminent  French 
chemists  we  shall  have  occasion  to  refer  again  in  the  sequel. 

It  is  clear  from  the  foregoing  sketch  of  the  history  of  Vulcano, 
fragmentary  and  imperfect  though  it  necessarily  is,  that  all  the 
nsaal  phenomena  of  a  volcano  in  the  paroxysmal  phase  are  exhibited 
by  it.  As  far  as  our  accounts  enable  us  to  judge,  it  would  appear 
that  scarcely  a  century  elapses  without  one  or  more  violent  outbursts ; 
that  sometimes  the  eruptions  are  continued  with  moderate  violence 
during  many  weeks,  months,  or  years,  while  at  others  the  accumu- 
lated force  is  dissipated  in  a  furious  outbreak  of  comparatively  short 
duration ;  and  that,  after  these  periods  of  intense  activity,  the 
mountain  sinks  into  a  state  of  comparative  repose.  All  the  usual 
phenomena  of  volcanic  action  are  admirably  illustrated  in  Vulcano — 
the  shifting  of  the  igneous  vent  along  the  line  of  subterranean 
fissure, — the  formation,  from  time  to  time,  of  new  craters, — the 
gradual  filling  up  of  these  by  the  growth  of  small  cones  within  them, 
leading  as  it  would  appear  to  grand  paroxysmal  outbursts,  by 
which  the  crater  is  again  relieved  of  its  contents, — the  decline  of 
the  volcano  into  the  sol/atara  stage, — and  the  opening  of  parasitical 
vents,  and  sometimes  of  cones  and  craters,  upon  its  flanks. 

Since  the  last  grand  eruption  in  1786,  Vulcano  has  been  in  a 
state  of  almost  complete  repose,  and  even  its  gaseous  emanations 
appeared  to  be  gradually  declining  in  abundance  and  violence. 
Some  writers  had  in  consequence  been  somewhat  rashly  led  to  speak 
of  it  as  a  spent  volcano.  As  if  to  make  a  protest  against  any  such 
assumption,  the  volcano  a  little  more  than  a  year  ago  resumed  its 
activity  :  and  wo  may  now  perhaps  infer  that,  having  recovered 
from  the  exhaustion  produced  by  its  last  terrific  effort,  during  which 
the  present  vast  crater  was  formed,  it  is  now  recommencing  that 
series  of  moderate  eruptions  by  which  the  crater  will  bo  once  more 
filled  and  the  vent  so -clogged  that  it  can  only  be  cleared  by  another 
great  paroxysm- 

Fortunately  for  geologists,  Signer  Ambrogio  Pinconi,  the  very 
intelligent  manager  of  the  chemical  works  in  Vulcano,  kept  a  diary 
of  his  observations  on  the  crater  during  the  late  outbursts,  and  several 
times,  indeed,  at  considerable  personal  risk,  ventured  into  it  while  the 


108  /.  W.  Judi^On  Vokamm. 

eitiption  was  actually  in  progress.  Daring  the  oontinnanoe  of  the 
emptions,  the  operations  of  the  labonrers  in  the  enter  were  of  conne 
saspended;  but  the  first  explosions  were  so  sadden  tbal»  before  the 
workmen  could  make  their  escape,  three  of  them  sustained  serioos 
injuries.  From  the  entries  in  Signer  Pinconi's  joamal,  a  oopy  of 
which  now  lies  before  me,  and  the  notes  which  I  made  on  the  spot 
only  two  months  after  the  eruption  had  ceased,  I  haTe  drawn  ap  the 
following  account  of  it. 

On  the  7th  September,  1878,  signs  of  renewed  aotiTily  began  to  be 
displayed  in  the  crater  of  Yulcano,  and  a  series  of  small  eruptions 
took  place  within  the  crater.  These  continued  with  Tsiying  inten- 
sity and  many  interruptions  until  the  24th  of  October.  On  the 
22nd  January,  1874,  the  activity  of  the  crater  was  renewed,  and 
continued  till  the  5th  of  February. 

Daring  these  eruptions  rumbling  sounds  were  heardi 'which  weie 
compared  to  a  fusillade  altematiug  with  discharges  of  cannon. 
These  noises  were  audible  at  Lipari,  which  is  situated  at  a  distance 
of  6  miles  from  the  crater. 

Several  fissures  were  opened  on  the  northern  side  of  the  bottom 
of  the  crater,  and  from  these  clouds  of  vapour  were  dischaiged 
and  considerable  numben  of  stones  thrown  out  Some  of  these 
were  of  veiy  considerable  size ;  but  the  majority  of  them  were,  by 
repeated  ejections,  reduced  to  small  fragments.  Host  of  the  stones 
fell  back  within  the  limits  of  the  crater ;  but  a  few  of  them  fell 
outside  of  it,  and  are  seen  scattered  all  over  the  sides  of  the  oone. 
Some  of  these  stones  are  8  to  10  lbs.  in  weight ;  they  are  composed 
of  highly  siliceous  rock  (quartz-trachyte),  and  can  be  distinguished 
from  the  products  of  earlier  eruptions  by  their  pale-green  colour  and 
unweathered  appearance.  The  fragmentary  materials  accumulated 
in  great  quantities  around  the  orifices  of  ejection,  and  would  doubt- 
less have  given  rise  to  the  formation  of  small  cones  on  the  bottom 
of  the  great  crater,  had  not  the  large  quantities  of  materials  shaken 
down  from  the  adjoining  crater-wall  caused  the  whole  to  assume 
the  form  of  a  great  bonk  or  talus,  leaning  against  the  northern  side 
of  the  circular  cavity. 

On  ascending  to  the  top  of  this  pile,  which  rises  to  the  height 
of  more  than  100  feet  above  the  bottom  of  the  crater,  I  was  able 
to  see  that  from  four  still  open  mouths,  ashes,  lapilli  and  larger 
fragments  of  rock  had  been  discharged,  giving  rise  to  the  formation 
of  a  line  of  cones,  the  regularity  of  the  building  up  of  which  had 
been  greatly  interfered  with  from  the  cause  alluded  ta  From  these 
open  mouths  considerable  quantities  of  vapour  were  still  (April  11, 
1874)  issuing. 

Among  the  blocks  of  obsidian  and  quartz-trachyte,  usually  with 
highly  contorted  internal  structure,  which  strewed  the  floor  of  the 
crater  and  had  been  ejected  during  the  recent  eniptions,  were  many 
which  weighed  several  hundred-weights. 

Considerable  (][uantities  of  white  ashes  were  ejected  during  these 
eniptions,  and  fell  both  in  the  islands  of  Lipari  and  Salina. 

While  these  eruptions  were  taking  place  within  the  crater  of 
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Ynloano,  no  change  was  detected  in  the  state  of  the  small  famarole 
which  exists  in  the  most  recent  of  the  craters  of  Yolcanello. 

During  the  whole  period  of  these  eruptions,  however,  Stromboli 
was  in  a  state  of  extraordinary  activity,  and  it  is  said  that  outbursts 
of  the  two  mountains  occurred  almost  simultaneously. 

On  the  other  hand,  I  was  assured  that  no  correspondence  could 
he  discovered  between  the  state  of  activity  of  Yulcano  and  the 
nature  of  the  weather  at  the  time. 

Having  sketched  the  history  of  Yulcano,  so  far  as  we  have 
materials  available  for  the  purpose,  it  will  now  be  interesting  to 
consider  its  present  state,  and  to  discuss  the  origin  of  its  various 
featnree. 

As  pointed  out  by  Spallanzani,  an  admirable  view  of  Yulcano  and 
Yulcanello  may  be  obtained  from  any  of  the  high  grounds  in  the 
aonthem  part  of  Lipari.  In  order  that  the  description  of  the  island 
may  be  more  readily  followed,  I  have  given,  in  Plate  YIL,  a  sketch 
taken  from  the  mountain  above  Punta  della  Crepazza  in  Lipari, 
showing  the  great  central  cone  of  Yulcano,  with  its  series  of  en- 
circling older  crater-rings  in  the  distance,  and  Yulcanello  and  the 
Faraglione  in  the  foreground. 

The  southern  half  of  the  island  is  made  up  of  a  series  of  semi- 
circular ridges,  each  of  which  exactly  resembles,  on  a  small  scale, 
the  well-known  Somma.  These  old  crater-rings,  for  such  they 
evidently  are,  consist  of  alternations  of  lava-streams  and  beds  of 
agglomerate,  the  whole  interpenetrated  and  bound  together  by  in- 
numerable dykes.  On  their  outer  sides  these  ridges  slope  gradually 
down  to  the  sea ;  but  towards  the  interior  of  the  island  they  present 
bold  precipitous  cliffs.  In  these,  as  in  the  cliffs  of  Somma,  the 
characteristic  features  of  volcanic  architecture  can  be  admirably 
studied  ;  and  equal  facilities  are  afforded  to  the  geologist,  where  the 
sea  has  eaten  into  these  old  cones,  as  is  especially  the  case  on  the 
south-west  of  the  island.     (See  Fig.  4,  page  15.) 

These  crater-rings,  which  culminate  in  Monte  Saraceno  (1581  feet 
in  height),  la  Sommata,  Monte  Aria,  and  many  other  peaks  con- 
siderably more  than  1000  feet  above  the  sea-level,  are  four  in 
number,  and  are  separated  from  one  another  by  semicircular,  flat- 
bottomed  valleys,  which  are  called  Pianos.  The  whole  of  this 
southern  part  of  the  island  is  thickly  covered  with  volcanic  sand, 
produced  in  part  by  the  decomposition  of  its  rocks,  but  to  which  the 
ejections  of  tbe  central  cone  are  making  constant  additions.  Con- 
sequently the  island  is  almost  a  desert,  a  few  fishermen  only  living 
on  its  southern  shores,  while  some  vine-growers  maintain  a  hard 
simple  with  the  elements  in  sheltered  nooks  in  the  deep  Pianos. 
No  roads  or  even  foot-tracks  can  be  kept  open,  where  every  storm 
raises  and  redistributes  the  covering  of  volcanic  sand  ;  and  in  this 
the  traveller  sinks  to  the  knees  at  every  stride,  while  the  few 
cultivated  patches  have  to  be  protected  from  the  dust-clouds  by 
fences  of  reeds. 

It  is  clear  that  the  southern  part  of  Yulcano  has  been  the  site  of 
the  formation  of  at  least  four  volcanic  cones,  the  central  axes  of 
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whicli  hAve  been  litoated  on  a  line  directed  N.W.  and  S^ ;  and  that 
the  eruptions  to  which  each  new  oone  has  owed  ita  origin  have,  at 
the  eame  time,  destroyed  the  northern  portion  of  the  pre-eziating 
one.  The  oldest  orater-ring  ii  oomposed  of  ordinary  traaoytia  lavsa, 
exhibiting  all  the  charaoter- 
iatioe  and  Tariations  found 
among  the  prodnots  of  the 
second  period  of  eruption 
in  the  Lipari  Islands;  bnt 
the  newer  ones  are  found  to 
present  materiala  Iieoommg 
continually  more  basio  in 
oomposition,  till  at  last  they 
approximate  to  basalta  and 
dolerites  resembling  those 
of  Strpmboli.  The  stmo- 
tnre  of  this  port  of  tJio 
island  will  be  made  olearer 
by  a  reference  to  the  aooom 
uiying  plan  of  the  island 


Fig- 


10. 


Encircled  by  the  four 
older  crater-rings  just  de 
scribed,  and  separated  from 
them  by  a  Bemicircnlar 
valley  ("Atrio ")  deeply 
covered  by  volcanic  sand, 
rises  tbo  active  cono  of  Vol- 
cano. Tliis  is  not,  as  a 
glance  at  Iho  sketcli  will 
show,  a  simple  cone  with  a 
summit  cruter  like  that  of 
Vesuvius,  but  a  truncated 
conical  mountain,  in  which 
the  presciit  crater  occupies 
1  excontric  position. 


CSDO.     i.  11.' 

1775I.  /.  Tilt  Farj 
£cia>  of  Vulcinello. 
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one  examining  the  upper  part  of  the  mountain  can  fail  to  perceive 
there  tbo  vestiges  of  a  number  of  craters  which  have  been  successively 
formed  and  destroyed ;  and  that  the  position  of  the  central  axis  of 
eruption  must  have  been  subject  to  constant  variation.  These  con- 
clusions are  confirmetl,  as  we  have  seen,  by  those  accounts  of  the 
state  of  tlie  mountain  in  earlier  limes  which  Lave  come  down  to  us. 
The  highest  point  of  the  active  volcano  is  situated  on  the  north- 
east of  the  crater,  and  is  1266  feet  above  the  sea-level.  Tlie  lowest 
point  of  tlie  crater  rim,  (hat  over  which  the  road  is  carried  by  which 
access  is  gained  to  the  interior,  is  882  feet  iiigh,  while  the  floor  of 
the  crater  is  532  feet  above  the  sea-levcL' 

I  There  ciinU  a  remarkable  discrepnnRj  between  Bome  of  the  estimatei  of  th« 
height  [>f  Ihu  lluur  oF  thi'  crater  of  Vulcaaaabuvc  the  bcu-IovpI.  DuTille  states  it  tabs 
B37  foi't,  «hilo  Mr.  Jlollft  ritcs  it  as  onlj  "a  fow  feet,"  slnting  the  depth  of  th« 
cTRtcrtobt  from  "1100  to  1200  fpet."  My  own  meneurcmcnts  with  the  aneroid  werfl 
<n  three  different  occaiioni,  ind  Tailed  only  between  497  and  636  feet.    Tha 
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The  floor  of  the  crater  of  Yulcano  is  about  200  jrards  in  diameter; 
bat  its  level  area  is  much  encroached  upon  by  the  tains  that  leans 
against  its  sides,  and  especially  by  the  series  of  irregular  cones 
which  were  thrown  np  on  its  northern  edge  daring  the  late  eruptions. 
The  walls  of  the  crater,  which  rise  to  heights  of  firom  400  to  600 
feet  above  its  floor,  are  in  their  lower  part  vertical,  bat  higher  op 
slope  outwards  at  an  angle  of  about  -io^.  The  diameter  of  the  crater- 
rim  is  about  600  yards.  The  sides  of  the  crater  of  Yulcano  exhibit 
a  series  of  admirable  sections  of  the  masses  of  agglomerate  composed 
of  materials  of  all  sizes,  often  well  stratified,  and  sometimes  exhibit- 
ing the  series  of  anticlinals  all  round  the  crater,  which  has  been 
described  by  Mr.  Scrope  as  so  characteristic  of  the  structure  of 
volcanic  cones.  Some  portions  of  lava-streams  and  dykes  of 
vitreous  lava  can  also  be  detected  in  the  sides  of  the  grand  crater ; 
but  it  is  evident  that  the  mountain  has  been  mainly  built  up  by 
fragmentary  ejections. 

The  floor  of  the  great  crater  of  Yulcano,  and  also  of  the  little 
crater  of  the  Fossa  Anticcha,  to  be  hereafter  noticed,  is  covered  by  a 
hard,  compacted  mass  of  pimiiceous  materials,  which,  when  stamped 
upon  or  struck  with  any  heavy  body,  gives  forth  a  dull  sound  ;  diis, 
as  in  the  case  of  the  well-known  Solfiaitara  of  Xaples,  is  vulgarly 
supposed  to  indicate  the  existence  of  vast  cavernous  hollows  below 
the  mountain.  A  much  simpler  explanation  of  the  phenomenon  has 
been  suggested  by  Mr.  Scrope  (see  Trans.  Geol.  See..  2nd  series, 
voL  V.)  ;  and  that  there  is  no  foundation  for  the  popular  notion  is 
shown  by  the  fact  that  many  masses  of  oDmpact  tufi^ceous  materials 
give  forth,  when  struck,  precisely  the  same  rimbombo  sound,  even 
when  situated  at  a  distance  from  any  crater. 

All  over  the  sides  and  bottom  of  the  crater  of  Yulcano  fumaroles  are 
Been  discharging  acid  vapours  and  gases.  3Lany  of  these  are  of  insig- 
nificant proportions  :  but  very  large  ones  exist  on  the  north-western 
rim  of  the  crater  and  at  a  number  of  points  at  its  bottom.  The  sides 
of  the  fissures  from  which  the  vapours  issue  are  sometimes  red-hot ; 
Fouque  found  that  zinc  was  melted  by  the  jets  of  issuing  gas,  and 
Mallet  that  the  temperature  of  the  lips  of  the  principal  fissure  was 
in  1864  "suflficient  to  melt  brass  wire,  but  not  sufficient  to  fuse 
a  similar  wire  of  bronze."  It  is  not  surprising  therefore  to  find 
that,  with  this  elevated  temperature,  the  more  inflammable  products 
of 'the  fumaroles  are  ignited  directly  they  reach  the  atmosphere. 
This  would  seem  to  be  the  origin  of  the  feebly-luminous  flames, 
usually  of  a  blue  colour,  which  are  seen  at  night  playing  over  some 
of  the  fumaroles ;  the  existence  of  these  will  not  of  course  be 
thought  to  give  any  support  to  the  popular  notion  of  masses  of  red 
flame  rushing  out  of  a  volcanic  crater  during  eruption,  which  has 
been  clearly  demonstrated  to  be  an  optical  illusiun.  Around  all 
the  larger  fumaroles  are  crusts  of  salts,  usually  of  a  white  or  pale 

estimate  sriveii  in  the  text  is  that  of  M.  Salino,  and  appears  to  be  derived  from  the 
oflBcial  sur>ey.  Po!»«ibly  S43me  irrejrularity  in  the  action  of  Mr.  MalUt's  barometer 
may  ari  ount  lor  the  very  inaccurate  resiiilts  which  he  was  so  unfortunate  a>  to  obtain, 
not  only  on  this  occasioii,  but  in  other  observations  about  the  same  time  at  Stromboli, 


113 


J.  W.  Judd—On  Voleanos. 


yellow  oolonr,  but  ■ometimes  exhibiting  a  bright  red  tiiit»  oom- 
municated  to  them  by  the  sulphide  of  anenio  (Bealgar). 

The  distinguished  ohemistSy  who  at' the  instanoe  of  the  Franoh 
Academy  have  studied  the  gases  disohaiged  from  Toloanio  vents, 
have  accumulated  a  laige  body  of  valuable  information  on  this 
interesting  subject  Yuloano  affording  such  remarkable  iaciltiea 
for  their  investigation,  has  received  much  attention  from  MM. 
Charles  Sainte-Glaire  Deville,  Leblano  and  Fouqa6.  Their  con- 
clusions it  would  be  impossible  to  detaU,  much  less  to  discoss  the 
bearings  of  upon  geological  questions,  in  the  present  sketch.  Some  of 
the  more  important  fusts  obtained  may,  however,  be  briefly  notioedi 

The  elements  which  have  been  detected  among  the  gaseous  ema- 
nations of  Vulcano  are  as  follows -.—oxygen,  hydrogen,  nitrogen, 
chlorine,  iodine,  sulphur,  selenium^  (first  detected  by  Stromeyer  in 
1825),  phosphorus,  arsenic,  and  boron ;  and  the  presence  of  bromine 
is  suspected  though  not  proved.  The  most  remarkable  oircumatance 
is  the  abundance  of  boron  in  these  emanations;  this  element  not 
being  an  ordinary  product  of  volcanic  action,  though  found  so 
abundantly  in  the  hot  springs  of  Tuscany. 

It  has  been  clearly  shown  that  the  nature  of  the  gases  evolved 
varies  with  the  temperature  of  the  fumaroles.  This  fact  is  illus- 
trated by  the  following  table,  in  which  I  have  placed  side  by  side  a 
number  of  the  analyses  made  by  M.  Fouqu^  : 


Sulphurous  and  "j 

Hydrochloric  acids,    j 

Carbonic  acid 

Sulphuretted  Hydrogen 

Oxygen 

Nitrogen 


a. 

6, 

e. 

d. 

e. 

73-80 

66-0 

340    27-19 

7-3 

28-40 

12-0 

28-0    59-62 

68-1 

traces 

10-0 

120 

00 

10-7 

0-52 

2-4 

4-8 

2-20 

2-7 

2-28 

9-6 

21-2 

10-99 

11-2 

/ 


0-0 

63-59 

traces 

7-28 

29-18 


a.  was  from  a  strongly  acid  fumarole,  with  a  temperature  of 
360^  C,  which  deposits  sulphide  of  arsenic,  chloride  of  iron,  and 
chloride  of  ammonium  towards  its  centre,  and  boracic-acid  and 
sulphur  at  greater  distances. 

b,  was  from  a  similar  fumarole,  but  with  a  temperature  of  only 
250=  C. 

e,  was  similar  to  a  and  h, 

d,  deposited  similar  salts  to  the  former,  but  its  temperature  was 
only  150^  C. 

e,  was  from  a  slightly  acid  fumarole,  wth  a  deposit  of  chloride 
of  ammonium,  sulphur,  and  boracic,  acid,  {md  a  temperature  of  only 
100°  C. 

/.  was  similar  to  c. 

Sulphur  appears  to  be  deposited  round  volcanic  fumaroles  through 

^  The  mixture  of  sulphur  and  selenium  deposited  hero  received  from  Hoidioger 
the  uumo  of  '^  Yolcauite?' 
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the  action  of  snlphurous  acid  and  sulphuretted  hydrogen  on  one 
another.  The  production  of  the  large  quantities  of  chloride  of 
ammonium  can  scarcely  be  explained,  however,  unless  we  admit  with 
Danbeny  that  nitrogen,  under  conditions  of  high  tem]>eratures  and 
pressures,  exhibits  a  chemical  activity,  very  different  indeed  from  its 
inert  character  under  ordinary  circumstances. 

The  quantity  of  volatile  matter  issuing  from  the  fumaroles  .of 
Volcano  Taries  from  day  to  day,  and  new  fissures  are  being  con- 
tinually opened,  while  old  ones  become  closed.  Signor  Pinconi 
assured  me  that,  after  the  recent  eruption,  the  fumaroles  discharged 
with  enormously  augmented  violence,  and  that  they  produced,  at  the 
time  of  my  visit,  at  least  four  times  the  quantity  of  salts  deposited 
before  the  eruption.  Two  condensing  chambers  had  just  been 
erected  OTer  the  largest  fumarole  for  the  artificial  condensation  of  the 
vapours,  but  sufficient  time  had  not  elapsed  to  test  the  success  of  this 
method  of  collection.  At  present,  the  crusts  composed  of  boracic- 
acid,  sulphur,  and  sal-ammoniac  are  dug  up  round  the  fumaroles  and 
oonveyed  to  the  outsid^  of  the  crater  by  an  excellent  road  carried 
over  a  viaduct.  The  sulphate  of  alumina,  which  is  also  largely 
collected,  is  produced  by  the  action  of  the  acid  vapours  on  the 
pamiceous  tuffs  and  agglomerates  composing  the  mass  of  the 
mountain.  At  the  "  fabbrica,"  near  the  Faraglione,  the  products  are 
roughly  separated  by  simple  machinery,  sent  from  England  for  the 
purpose  ;  but  the  salts  are  forwarded  to  this  country  for  purification. 
The  cone  of  Vulcano  is  made  up  of  agglomerates,  often  well 
stratified ;  the  materials  being  much  altered  through  the  permeation  of 
the  mass  by  acid  gases  and  vapours,  and  often  exhibit  brilliantly 
variegated  tints.  Half  way  down  the  slope  of  the  mountain,  on  its 
northern  side,  is  the  little  crater  called  Fossa  Anticcha  or  Forgia 
Vecchia.  the  floor  of  which  has  a  diameter  of  about  GO  yards,  while 
acid  vapours  are  discharged  by  several  fumaroles  at  its  sides.  In  the 
sides  of  this  crater,  and  in  a  great  fissure  near  it,  the  characteristic 
quaquaversal  dip  of  the  materials  in  volcanic  cones  is  well  exiiibited. 
The  ejected  materials  are  often  seen  forming  beds  dipping  at  angles 
of  from  25'^  to  30^.  (See  Fig.  11.)  The  date  of  the  formation  of 
the  crater  called  the  Fossa  Anticcha  is  quite  unknown.  It  is  clear  that 
it  existed  at  the  time  of  Spallanzani's  visit  to  the  ishmd,  and  he 
imforms  us  that  at  some  earlier  period  the  collection  and  purification 
of  the  products  of  the  mountain  had  been  carried  on  in  it. 

Tlie  lava- stream  on  the  north-west  side  of  the  cone  of  Yulcano  is 
composed  of  obsidian  passing  into  Liparite,  and  exactly  resembles 
those  of  the  last  period  of  eruption  in  the  adjacent  island  of  Li  pari, 
which  were  described  in  the  last  chapter.     Two  points  in  connexion 
with   this    lava-stream   are,    however,    worthy   of    especial    notice. 
Firstly,  although  of  great  thickness,  it  has  evidently  consolidated  on 
aslope  of  35^,  thus  affording  a  striking  illustration  of  the  baseless- 
ness of  the  opinions  maintained  by  Elie  do  Beaumont  and  ^I.  Diifrenoy 
on  this  subject,  by  means  of  which  they  sought   to    support  the 
exploded  theory  of  "  Elevation-craters."  Secondly,  in  its  wonderfully 
contorted  internal  structure,  its  rent  and  rugged  surface,  and  ^«>\i^- 
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oalljia  the  nuanar  in  v&ioli.  (b  xoMblng  •  m 
■lope,  ita  matuuls  hxn  beeo  piled  np  into  ft  Ug^ 
affords  t,  moat-^ziUiig  illmtrititm  oc  ths  wtttm 

of  flaidilr  im 

(See  Fig.  11.) 


■lope,  ita  materialelMve  beeo  piled  np  into  nUg^  rite,  fliie  ommnt 
sffords  K  moet-4zi]diig  illiutamtion  oc  the  ntmaalr  ImparfMt  itete 
of  flaidity  in  whioh  the  Titnou  lem  vi  lipari  mn  poond  fbrtb. 
fSee  Fi».  11.1 


a.  ii.-Pn>Sto-ikMchorAaobdffi*B  brMtnaafeftTnlsB  Uw 
st  Tnkuo,  wllh  «■  Itntlbd  tgft  (wi  In  th*  ^fa  al  A«  r< 

The  preeent  fragli  appearance  of  thig  laTa-rtrum,  tmoorered  u  it 
remaioB  by  fragmentary  ejectionB,  is  Htroiigly  oonfimiatoiy  of  the 
very  receot  date,  that  of  1776,  'which  Dolomiea  aasignB  to  it  Ou 
the  south  side  of  Uie  oone  of  Ynlcano  is  another  laTa-Btream,  evi- 
dently of  far  older  date,  and  almost  completely  buried  under  ejected 
materials.  All  the  eoltd  ejeotione  of  the  existiiig  oone  of  Ynlcano 
appear  to  have  oonsiated  of  the  moat  highly  add  rooka — Liparite, 
obeidian,  and  pumioe— like  the  material  of  tha  later  emptionB  in 
Lipari.- 

Between  Ynlcano  and  Yolcanello  riaes  the  mass  of  Tolooaio  tnfi, 
evidently  the  denuded  fragment  of  a  cinder  oone,  whioh  is  known  ■> 
the  Faraglione.  In  agrotto  in  this  mass,  the  sides  of  whioh  oontinually 
drop  with  wat«r  abounding  in  acids  and  varioua  salts,  the  moat 
beautiful  stalactites  of  sulphate  of  alumina,  and  Tsrious  oomponndi 
of  lime,  iron,  and  occasionally  of  copper  are  formed.  In  this  grotto 
I  collected  the  brillant  ciyatalB  belonging  to  the  onbio  system,  of 
the  hydrated  compound  of  ferric  and  ferrous  snlphates,  called 
"  Yolbtite,"  a  mineral  first  discovered  byScooohi  in  the.&olfataraof 
Naples.  Around  the  Faraglione,  fumaroles  discharging  vapour  with  I 
sulphuretted  hydrogen  and  carbonic  aoid  gases  at  an  elevated  ' 
temperature  occur,  while  others  are  found  ^ving  off  the  latter  gai 
only  at  the  ordinary  temperature  of  the  atmosphere ;  these  latter 
have  l>eeQ  justly  compared  by  Deville  to  the  Qrotto  del  Cane,  at  ths 
Lsgo  Agnano,  near  Naples. 

The  isthmus  joining  Yulcano  and  Ynloanello,  and  composed  of 
fragmentaty  matters  ejected  by  the  volcanoa,  appears  to  have  been 
formed  in  the  sixteenth  century.    It  i*  donbtnil  if  Ynloanello  b* 
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mJly  die  isUmd  whidi  was  Uiroim  np  in  the  eeoond  oentmy 
before  Christ.  Its  three  craiera  have  evidently  been  formed  at 
iFerr  different  periods  (see  Tig.  6^  p.  od).  and  the  newest  of  them 
still  contains  one  or  two  active  fomaroles :  in  the  time  of  Spal- 
Isnzani  it  was  clearly  in  a  much  more  active  state.  Some  of  the 
older  lavas  of  Ynlcanello  were  of  basic  composition. 

Snch  is  the  structure  of  Volcano,  which  exhilnts,  as  we  have  seen 
in  its  varioos  features  dear  evidences  of  a  vast  series  of  paroxysmal 
eruptions,  repeated,  at  not  veiy  distant  intervals,  during  the  whole 
of  the  historical  epoch. 

In  our  next  chapter  we  shall  describe  Stromboli,  a  volcano  offering 
in  its  features,  its  modes  of  action,  and  its  products,  some  remarkable 
and  very  suggestive  points  of  contrast  with  Yulcano. 

fib  i$  mmtimmtd  m  mar  fMss<  Xumtitr.J 

HL — ^A  Chaptkb  nr  ths  Histobt  of  Metbmutbs. 

^  Waixsk  Fuoht,  D.Sc^  P.6.S^ 

Of  the  Department  of  Minerslogr,  firitidi  Mqkidb  ; 
AmktaaX  Examiner  in  Chenistry,  UniTerdtj  of  I^ondoa. 

{09mtimm§d  Jrom  fgt  SO.) 

■staorie  Irons  found  August,  1870. — Oyifieik  (or  Uigfiik^  near 
Godhayn,  Kekertarssuak  or  Island  of  Disko,  Gre^dand  [lAt 
er  V»  80'  H.;  Long.  64°  T  22^'  W.]> 

The  interesting  story  of  the  discovery  of  these  enormous  masses 
by  Prof.  Nordenskjold  is  already  known  to  the  readers  of  this 
Magazine  through  a  translation  of  bis  original  memoir.  ^Vliile  ex- 
ploring in  Danish  Greenland  in  1870,  his  attention  was  directed  to 
the  possibility  that  meteorites  might  be  met  with  in  Disko  Island, 
by  the  accidental  discovery  of  a  block  of  meteoric  iron  in  some 
ballast  which  had  been  taken  in  at  the  old  whaling-station  at  Fortuna 
Bay,  near  Godhavn,  and  he  urged  the  Greenlanders  to  search  the 
district  for  masses  of  that  metaL     He  proceeded  to  explore  Omenak 

*  A.  E.  Nordenskjold.     Redogorelse  for  en  Exp<?dition  till  Gronland  dr  1870. 

X.  ret.'Akad,  Fork.,  1870,  873.     (See  traa<lation  in  Geol.  Mao.,  IX.  289,  et  *tq.) 

— D.   Forbes,   Abstract   Gecl.  Soc.^  No.  23S,  Xt>TemlHr  8th,  1871.      Ch<M.  AV»r», 

Xorember  17tli,  1871. — A.  E.  Xordeni»kjold.     Remarks  on  Greenland  Meteorites. 

Abstract  Geol,  Soc,,  December  20th,  1871.— T.  X«»nL?tTum.     Ot'r.  Vet,  Ak'ui.  Fi<rh., 

1871,  4o3.     See  also  Geol.  Mag.,  VIII.  570,  and  IX.  88. — A.  E.  Xordenskjold. 

Les  Meteorites.    JC/tm  Scientijiqw,  1872,  ii.  "2],  128. — G.  A.  Daubree.     Cnnpt. 

find.,  liiii.  1268.    Cotnpt.  rend.,  Iiiiv.  1542.     Coi.pt.   fend.,  Ixxv.  240.  E.  Ludwijf. 

Jfm.  Mitt,,  1871,  i.  109. — E.  Hebert.  S'^'anceSt^o.GenI.de  France, February  oth,Ls72. 

Merue  Scitntijique,  i.  r2],  858. — E'.  de  Chancourtoi*  and  M.  Jt-nnatez.      Seanco  S«>c. 

Geol.   de  France,  February  19th.  1872.     Rtviu   Scu'n(i/iqtu\  i.   [2],  905. — G.  A. 

Daubree. — Seance  Soc.  Geol.  de  France,  May,  20th,  1872.    Rtvtt/^  6>iVw/i>ir«/M?,  i.  [2], 

1169.     Aimr.  Jour.  Se.,  iii.  71  and  3fss. — F.  Wohlrr.     Xachricht,  K.  Orstil.  //V.<«. 

211  Goffin^tfi,  1872,  Xo.  11,  197.     I*"</!7-  Ann.^  cxlvi.  297.     Ann.  dtr  C/itm.,  clxiii. 

247.    Xachricht.  K.  GestU.  Ifiss.  zii  G.^tHnfftn,  1^72,  Xo.  2<>.    A-t-.dtr  CA<«m.,o1\v. 

313. — G.  Rose.     Zt-it.  I>eu'$ch.  Gtol.  Ge*tll.,  \\\\.  174.— G.  v«>u  Ilelmtrssen.     /tit, 

LrutAch.  Geol.  Genell.y  xxv.  347. — C.  Kammelsbersr.     UcIkt  die  Meteoritcn  [S.i.nin. 

icut.  VortrHgr^j  pajres  14  and  18. — C.  AV.  Blom^trand.    Jin-.  Deufsrh.  Cl.nn.  (if^tU.^ 

it.  987.— G.  X'auckhotf.    Sreunka  Vet.  Aknd.  Hitnd/.,  1872,  i.  Xo.  6.    litr.  Ifrtrsrh. 

Chem.  GtMtll.,\\.  1463.     Mineraloginche  Mit*heilungtHy  1874,  109. — G.  Tscliomiak. 

Minemlif^iifche  Mittheilungtu,  1874,  165.     Ihr  ynturf'ii8ch'.t\  1874,  Xos.  49-52.^ 

For  a  map  of  Disko  see  Geographical  Ma^.,  Februar}*,  1875.— J.  LawretiCQ  ^toi^lSd^ 

Cmpt,  rtnd.,  Ixz.  30 J. 
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and  other  ishnds  norflL  of  Dfako,  aad,  on  Ui  xvlom  to  Ckiifflii^ni  at 
the  end  of  Angnst  in  the  aanie  year,  not  only  learned  from  the 
Greenlanders  thiat  maaaea  anch  aa  ne  aongfat  fbr  nad  been  fbond,  bnt 
he  was  flfao¥m  a  speoimen  of  meteorio  iron  in  eonflnnalion  of  tbrir 
atatement  Thev  were  diaooverad,  not  at  Eortona  Bay,  bnt  ftnrther 
eastward  along  we  ahore^  at  Oriftky  between  Laxe-bogt^  and  Diako 
igord,  a  spot  than  which  there  is  none  more  difflonlt  to  reach  along 
the  whole  of  the  ooaat  of  Danish  Gxeenlandy  as  it  liea  open  to  the 
south  wind,  and  is  inaooeaaible  in  even  a  Tery  moderate^  longh  aea. 
Nordenskjdld  at  onoe  dhartered  two  whale-boats^  wMwmgS  by  Green-. 
knders,  and  set  sail  for  OvifiBdc,  where,  the  aea  befaig  oahn*  (Ley  were 
able  to  land,  and  the  atone  at  whioh  they  lay  to  pn^ed  afterwarda  to 
be  the  laigest  Uook  of  meteorio  iron  that  they  were  to  diaoorar. 

As  the  readers  of  this  MAOAmn  are  already  fioniliar  with  the 
description  whidi  Nordenskjold  gives  of  the  condition  nnder  which 
these  masses  are  fomid,  we  may  break  off  here  to  oonaider  the  more 
recently  published  report  of  Naabkhoff,  the  geologiat  of  the  expedition 
of  1 871,  of  the  peculiar  geological  diaraoters  of  the  xooka  at  Ovilak 
(BlafjjeU,  or  Blue  Olifis)  with  whicih  they  are  aasooiated. 

The  surface  of  the  sonth-weatem  and  weatem  portion  of  the 
island  of  Disko  ia  composed  of  ba8alt>  which  eztenda  aa  £kr  aa 
Smith's  Sound,  and  was  probsbly  erupted  in  Miocene  timea.  In  only 
a  few  points  of  the  island,  Gocnavn,  the  ialeta  of  Fortona  Bay  and 
Nangiset,  the  primitive  rook  is  observed*  It  conaiata  for  the  moat 
part  of  slaty  gneiss,  passing  over  in  some  places  into  mica-schist  and 
often  traversed  by  veins  of  pegmatite.    Granite  was  nowhere  seen. 

Immediately  overlying  the  gneiss  is  a  basalt  breccia  of  dark 
blackish-green  colour,  some  two  hundred  feet  in  thickness.  In 
places  the  large  angular  fragments  are  cemented  together  with 
calcito ;  as  a  rule,  however,  they  are  so  small  that  the  rock  at  some 
distance  appears  homogeneous.  Few  cavities  are  observed,  and  they 
are  usually  filled  with  calcite,  rarely  with  zeolites.  Above  the  breccia 
lies  a  bed  of  basalt-waoke  of  rust-brown  colour,  and  with  amygda- 
loidal  structure,  the  cavities  containing  apophyllite,  chabasite,levyuite, 
stilbite,  desmine,  mesotype,  analcime,  and  other  zeolites.  Over  this 
again  rises  a  bed  of  basalt  of  vast  thickness,  sometimes  attaining 
one  thousand  feet,  and  of  a  dark,  greyish  green  hue ;  it  occurs  not 
unfrequently  in  vertical  regular  six-sided  columns.  The  texture  is 
generally  crypto-crystalline,  though  exhibiting  in  places  the  char- 
acters of  anamesite  and  dolerite;  the  few  cavities  are  filled  with 
chalcedony,  rarely  with  zeolites.  At  Ovifak  the  cliffs  rise  to  a 
height  of  2,000  feet  above  the  sea-level.  Tiie  upper  portion  consists 
of  compact  dark-coloured  basalt.  Proceeding  downwards  on  the 
nearly  vertical  face,  we  see  thick  beds  of  red-wacke  and  basalt-clay, 
until  already  at  mid  height  the  face  is  hidden  by  vast  screes  of 
large  and  small  fragments  of  basalt  Where  the  cascades  of  surface- 
wat<}r  have  removed  the  finer  portions  of  the  talus,  and  the  face  can* 
be  inspected  to  greater  depths  between  the  larger  blocks  of  basalt, 
the  basal t-wack6  is  seen  which  overlies  the  breccia. 

1  Bet;  Geol.  Mao.,  1872,  Vol.  IX.  PL  YII.  In  this  map  two  bays  called  Lazehogt 
are  given;  the  one  mentioned  abore  is  situated  to  ^e  noru  of  Diako  fjord.. 
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On  the  shore  below  these  screes  between  high  and  low-water, 
and  within  an  area  of  about  fifty  square  metres,  twelve  large  and 
many  small  iron  masses  were  found.  The  six  largest  weigh 
respectively  21,000  kilog.,  8,000  kilog.,  7,000  kilog.,  142  kUog., 
P6  kilc^.,  and  87  kilog. 

Thanks  to  the  kindness  of  Prof.  Nordenskjold,  1  am  enabled  to  give 
a  representation  (Plate  IV.')  of  the  largest  mass  (about  19  English 
tons  in  weight),  which  is  now  preserved  in  the  hall  of  the  Royal 
Academy  at  Stockholm.  The  second  block,  weighing  about  nine 
tons,  has,  as  a  compliment  to  Denmark,  on  whose  territory  the 
meteorites  were  found,  been  presented  to  the  Museum  of  Copenhagen. 
Another  of  the  masses,  wei^iing  195  lbs.  8  oz.,  is  preserved  in  the 
British  Museum. 

For  the  earlier  account  of  the  discovery  of  these  masses  the  reader 
is  referred  to  Nordenskjold's  memoir,'  and  Nordstrom's  paper.  The 
expedition  of  that  year,  1870,  having  no  means  of  bringing  such  vast 
masses  to  Europe,  a  new  expedition  was  equipped  by  the  Swedish 
Government  in  the  following  spring,  consisting  of  the  gunboat 
"  Ing^erd,"  Capt.  F.  W.  von  Otter,  and  the  brig  "  Gladan,"  under 
the  command  of  M.  von  Krusenstern,  who  brought  the  meteorites  to 
Denmark  in  September,  1871. 

Nauckhoff  in  bis  paper  draws  attention  to  one  remarkable  block, 
about  2001bs.  in  weight,  which  lay  three  feet  below  bigh-wator. 
On  the  under-side  it  was  covered  with  basalt  grains,  cemented  to- 
gether with  hydrated  oxide  of  iron,  and  consisted  of  coarsely  crystal- 
line iron,  containing  much  carbon,  and  which  readily  weathered. 

Sixty-five  feet  N.E.  of  the  spot  where  the  largest  block  lay,  a  ridge 
of  dark  brown  basalt-like  rock  comes  to  the  surface.  Through  its 
superior  hardness  it  has  withstood  the  denudation  better  than  the 
loose  basalt-wack^  on  either  side  of  it.  It  is  soon  lost  to  sight,  but 
reappears  to  take  a  direction  towards  the  spot  where  the  large  iron 
lay.  The  rock  forming  this  ridge  resembles  ordinary  compact 
basalt.  It  is  of  finely  granular  texture.  Near  the  margin  it  be- 
comes crypto-crystalline,  and  is  seen  under  the  microscope  to 
consist  of  labradorite,  greenish-brown  augite  and  black  grains  of 
magnetite.  It  will  be  found,  when  we  come  to  speak  of  the  ^alysis 
of  the  rocks  accompanying  this  iron,  to  accord  in  composition  with 
the  basalt  itself.  It  differs  from  it,  however,  in  the  presence  of 
two  accessory  constituents  which  are  disseminated  through  the 
parts  forming  the  edge  of  the  ridge,  and  are :  a  greenish  hydrated 
ferrous  silicate  resembling  hisingerite,  and  a  yellowish  brown  iron 
sulphide.  The  analyses  of  the  former  mineral,  it  will  be  seen  in  the 
sequel,  show  that  it  is  not  identical  with  the  chlorophajite  so  often 
occurring  in  basalt ;  the  sulphide  completely  accords  in  composition 
with  the  troilite  of  meteorites.  The  columnar  structure,  so  often 
found  in  basalt,  was  not  noticed,  the  cracks  occuning  near  the  sides 
appearing  to  be  all  parallel  to  the  margin.  The  surface  of  a  freshly 
broken  fragment  displays  peculiar  smoothness  and  lustre.     On  the 

*  ThU  Plate  will  appear  in  the  April  Number  with  Part  IV.  of  Dr.  FlighVa  ^^^^i. 
■ — Edit.  Gsol.  Mao. 

»  Gbol.  Mao.  18/2,  Vol  IX.  pp.  461,  462,  and  Plate  YIII. 
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east  ride  of  this  lidftey  aaul  infhe  aoMTook^apiaoerfmadi^iveilliand 
iron  waa  found  inc^Med  by  Nviflkhoff ;  whOa  anothar  namber  of  tlio 
expedition,  Mr.  J.  Steenatarap,  detootod  metallio  iioaon  tiie  west  aide 
of  the  ridge.  Hie  analyaia  of  thia  iron,  appirentlj  that  whioh  waa 
analysed  by  Lindatrdm,  will  be  referred  to  uAm  on.  While  MaaHng 
this  basalt,  a  rook  waa  hit  upon  whibh  waa  at  onoe  aeeiL  to  differ  oon- 
riderably  from  the  matrix.  It  oonaiata  of  a  greeniah  giooiid  maas, 
indoring  spanglea  and  graina  of  iron,  and  oooon  in  rounded  maeana 
that  are  separated  fiN>m  the  baaalt  by  a  ooaraely  oiyatalliiie  greeniah 
shell,  about  20  mm.  thick  «a  well  as  by  an  outer  nataa  brown 
orust  The  boundaries  of  these  masses  were  well  defined ;  in  no 
instanoe  were  the^  detected  |»aaing  oyer  into  the  baaalt 

The  masses  of  iron  lying  in  the  basalt  ridffe  nsnall^  had  an  dliiH 
Boid  form  and  a  rusted  Qrust»  .that  allowed  of  their  bein^  eaauy 
detaohed  from  the  baaalL  Nauokboff  suooeeded  in  renumng  six 
lumps,  the  aggregate  weight  wbeieof  waa  160  Iba.  This  iron  is 
hard  and  crystallme,  exhibits  Wiedmannstftttian  figoxes,  and  is  in 
every  respeot  like  tbat  of  the  lioge  looae  Uooka.  Moreover,  like 
them,  it  mifortunately  possesses  the  uroperly  of  exuding  a  yellow 
liquid  (ferrous  chloride  J,  and  of  weauering  away.  It  waa  noticed 
that  these  inclosed  masses  had  their  major  axes  parallel  to  the  direc- 
tion of  the  ridge,  and  that  they  were  in  away  ocnnected  with  eadi 
other  by  little  veina  of  weathered  iron. 

Nordenskjdld  states  that  the  large  free  blocks  of  metal  had  a  tombac 
to  rusty-brown  colour,  and,  when  found,  exhibited  metallic  lustre 
on  parts  of  their  surface.  Here  and  there,  fragments  of  basalt,  similar 
to  that  of  the  ridge,  were  found  adhering  to  them.  The  inner  parts 
contained  none  of  the  rock,  and  his  analyses  detected  the  presence  of 
little  silicic  acid.  They  were  strongly  polar,  the  upper  surface  attract- 
ing the  north,  the  lower  side  the  south  pole  of  the  magnetic  needle. 

The  iron  of  the  large  masses  is  crystalline  and  brittle,  so  that 
pieces  can  readily  be  removed  with  a  hammer;  the  metal  of  the 
ridge  is  tougher,  and  has  a  rougher  fracture.  The  presence  of 
troilite  was  rarely  detected  in  the  detritus ;  a  few  black  magnetic 
grains  were  met  with  which,  by  their  octahedral  faces,  were  recog- 
nized to  be  magnetite. 

The  characters  of  the  polished  sections  of  the  different  masses 
differ  greatly :  in  some  the  surface  shows  rounded  areas  of  varying 
brightness  and  shades  of  colour,  with  parts  of  a  brassy  yellow 
(troilite) ;  others  are  more  homogeneous,  or  appear  to  be  made  up 
of  fine  prisms  of  **  carburetted  nickel-iron."  Some,  not  aU,  exhibit 
figures  when  etched. 

Though  containing  little  sulphur,  the  Greenland  irons,  since  they 
have  been  brought  to  Europe,  have  shown  a  marked  tendency  to 
crumble  to  pieces.     On  the  shore  at  Ovifak,  sometimes  exposed  to  the 
wash  of  the  waves,  sometimes  left  high  and  dry,  but  preserveJ. 
at  the  constant  temperature  of  the  sea,  which  varies  little  throughout:^ 
the  year,  the  masses  apparently  underwent  little  change.    Alread^ 
during  the  passage,  however,  many  fragments  crumbled  away,  an 
^    frhen  unpacked  at  Stockholm  two  months   later,    and    placed    i 
i  room  of  ordinary  temperature,  othera  \>io\L<b  \x^  into  a  reddisk^- 
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brown  powder.  A  freshly  fractured  lustrous  surface  of  one  of  the 
masses  commenced  in  one  comer  to  rust,  expand  and  crumble  away ; 
while  the  remainder  experienced  no  change,  till  at  length  the  oxida- 
tion extended  into  the  interior  and  the  whole  fell  to  pieces.  In  a 
hermetically  sealed  glass  tube  the  iron  is  preserved  unchanged ;  but 
in  another  tube  with  a  fine  crack  oxidation  continued.  In  alcohol 
no  change  takes  place ;  in  air,  dried  by  sulphuric  acid,  the  change 
is  greatly  impeded.  Attempts  to  preserve  them  by  coating  them  with 
varnish  were  of  slight  avail.  -  The  cracking  is  caused  by  dilatation, 
and  takes  place  with  such  force  that  masses  of  metal,  on  which 
chisel  and  saw  were  without  effect,  are  broken  and  bent  out  of 
shape  daring  oxidation. 

Nordenskjold  found  that  a  fragment  of  the  largest  iron,  when 
heated  to  redness,  gave  off  more  than  100  times  its  volume  of 
a  gas  which  had  a  bituminous  smell.  It  was  evidently  gas  not 
simply  occluded  by  the  metal,  but  was  produced  by  the  decomposi- 
tion of  "  the  organic  matter  in  the  meteorite,"  through  the  reducing 
action  of  those  compounds  on  the  oxide  of  iron  associated  with 
them.  When  such  iron  is  treated  with  mercury  chloride  but  little 
gas  is  evolved;  in  aqua  regia  it  dissolves,  leaving  in  some  cases 
a  carbonaceous  residue,  in  others  very  little  residue  of  any  kind ; 
by  the  action  of  hydrochloric  acid  a  gas  is  given  off  which  has  a 
penetrating  odour  resembling  that  of  some  hydrocarbon.  By  treat- 
ment with  acid  a  humus-like  compound  appears  to  be  generated, 
which  is  soluble  in  ammonia,  insoluble  in  acid,  and  can  be  oxidized 
only  with  difficulty  by  long  boiling  with  very  strong  acids. 

In  Nordenskjold's  paper  are  given  the  earliest  analyses  of  these  irons : 

I.  Fragment  of  one  of  the  large  iron  masses :  this  specimen  evolved  more  gas 
than  II.  and  III.  Specific  gravity  =5-86 — 6*36.  Analysed  by  Nordenskjold.  II. 
Fragment  of  iron,  more  compact  and  less  crystalline  than  I.,  probably  from  the 
basalt  ridge.  Small  grains  were  observed  to  be  malleable.  The  specimen  from 
which  this  was  taken  subsequently  crumbled  away.  Specific  gravity  =  705 — 706. 
Analysed  by  T.  Nordstrom.  III.'  Fragment  of  iron  from  the  basalt  ridge,  which 
exhibited  well-marked  Wiedmanstattian  figures.  In  external  appearance  this  iron 
exactly  resembled  II.    Specific  gravity  =  6*24.    Analysed  by  O.  Lindstrom. 


Iron    

I. 

84-49 

2-48 

0-07 

0-27 

0-20 

1-52 

0-72 

trace 

trace 

004 

trace 

trace 

trace 

005 

1016 

II. 

86-34 
1-64 
0-36 
0-19 
007 
0-22 
1-16 
0-24 
0-48 
0-29 
007 
0-14 
0-66 
4-37 

3-71 

Carbon.. 
IIydrog( 

III. 
93-24 

Nickel 

Cobalt     

1-24 
0-56 

\ 

Copper    

PhosDhoms 

0-19 
003 

\ 

Sulphur  

Chlorine 

Alumina 

Lime  

Magnesia    

Potash 

1-21 
016 

trace 
008 

r 

t 
I 

Soda    

Silicic  acid 

012 

1  0-59 

..     2-30 
in   007 

> 

Insoluble  portion 

Carbon,   Organic    Matter,  ) 
Oxygen,  and  Water    ...  j 

10000  99-93  99-79 

Kordstrom  analysed  the  carbonaceous  residue  of  tiho  com'^^0^  vtorsi 
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n.,  after  digestion  with  doaUe  oUoride  of  ooprar  and  aodiaiD,  and 
iion  cbloride,  and  fbond,  when  a  qnantily  of  mL  ia  dedneted,  that  U 
iaoompoeedof : 

Carbon. ^... $S'59       ......       M-M 

Hydrogen   9-M       ....••         M'U 

027gen(bydifl(Dnnoe}^...       ^'16       ......       SS*81 

100*00  lOOHM 

These  numhers  yield  no  satis&otoiT  atomio  ratioa^  and  it  ia  not 
improbable  that  the  oarbon  is  present  m  two  allotiopio  modifioationai 
as  well  as  a  oonstitnent  of  a  oomplez  organio  oomponnd. 

In  1872  two  interesting  papers  were  pnbliahed  by  Wfihiar  on  the 
results  of  his  examination  of  tnis  iron,  especially  that  bom  the  ridge. 
The  speoimen  he  ohose  for  examination  oame  feom  a  vein  of  m^al 
several  inches  wide  and  some  feet  in  length,  which  was  inclosed  in 
a  rook  "  that  presents  a  marhed  difforence  in  composition  from  the 
basalt  breccia  whence  it  protmdes."  He  desomNM  this  iron  as 
bearing  a  close  resemblance  to  grey  oast  iron;  it  has  a  bright  Instre* 
is  very  hard,  is  quite  unalterabb  in  air,  and  has  a  specific  gravity=: 
5*82.  Nordenslgdld,  as  we  have  seen,  extracted  gas  from  the  metal 
of  the  larger  masses  by  heating  it.  Wdhler  finds  that  the  iron 
of  the  vein  evolves  more  than  one  hundred  times  its  volame  of  a  ^ 
that  bums  with  a  pale  blue  flame,  and  is  carbonic  oxide,  mixed  with 
a  little  carbonic  add.  The  *'  iron,"  in  fact,  contains  a  considerable 
amount  of  oarbon,  as  well  as  a  compound  of  oxygen ;  and,  according 
to  Wohler,  can  at  no  time  have  been  exposed  to  a  l^gh  temperature. 
After  it  has  been  heated,  the  iron  becomes  brighter,  and,  though  more 
soluble  in  acid,  it  still  leaves  a  carbonaoeous  residue.  A  fragment 
heated  in  dry  hydrogen,  with  a  view  to  determine  the  amount  of 
oxygen  present,  formed  a  quantity  of  water,  and  lost  11*09  per  cent 
of  its  weight.  "  It  contained,  in  other  words,  11*09  per  cent^  of 
oxygen."  It  is  not  stated  whether  the  water  corresponded  in  weight 
to  that  amount  of  oxygen.  Hydrochloric  acid  acts  but  slowly  and 
imperfectly  on  this  metal,  evolving  first  sulphuretted  hydrogen,  and 
then  hydrogen  possessing  the  odour  of  a  hydrocarbon,  and  leaves  a 
black  granular  magnetic  powder,  which,  though  insoluble  in  cold 
acid,  generates  on  the  application  of  heat  a  gas  with  a  strong  odour 
of  a  hydrocarbon,  leaving  a  residue  of  amorphous  sooty  carbon  and 
slightly  lustrous  graphitic  particles.  In  iron  chloride  the  "iron" 
dissolves  without  evolution  of  gas,  about  30  per  cent  of  a  black 
residue  remaining,  which,  after  having  been  dried  at  200°  C,  lost  by 
ignition  in  hydrogen  19  per  cent,  of  its  weight,  water  being  pro- 
duced. It  is  now  very  readily  attacked  by  acid,  evolves  sulphuretted 
hydrogen,  and  gives  a  residue  of  nearly  pure  carbon  in  powder  or  in 
graphitic  scales.  Iron  chloride  and  acid  appear,  therefore,  in  the 
main,  to  remove  the  free  metal  only,  and  to  be  without  action  on 
the  compounds  with  sulphur  and  oxygen.  The  ultimate  composi- 
tion of  the  specimen  he  analysed  is  as  follows : 


Iron 80-64 

Nickel 1-19 

Cobalt 0-47 

Phospborua ,,,,, .„,  0*16 


Sulphur   2-82 

Carbon 3*69 

Oxygen 1109 
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Wohler  was  disposed  to  regard  the  oxygen,  oonstituting  so  consider- 
able a  portion  of  an  apparently  metallio  mass,  as  present  in  the  form 
of  a  diferrous  oxide,  Tefi,  were  it  not  that,  aooording  to  this  ^iew, 
there  would  be  no  iron  provided  for  combination  with  the  sulphur 
and  carbon.  As,  however,  Nordenskjdld  found  magnetite  in  or  near 
other  Ovifak  irons,  Wdhler  regards  that  constituting  the  veins  as  an 
intimate  mixture  of  magnetite,  of  which  there  would  be  40-20  per 
cent,  with  metallio  iron,  of  which  there  would  then  be  46'60  per 
cent.,  the  sulphide,  carbide,  and  phosphide,  as  well  as  the  alloys 
with  nickel  and  cobalt,  and  some  carbon  in  isolated  particles.  The 
latter  probably  undeigo  no  change  when  the  magnetite  and  carbide, 
by  the  action  of  heat,  generate  carbonic  oxide. 

A  specimen  of  the  iron  from  the  basalt  has  also  been  investigated 
by  Daiabree ;  he  describes  it  as  having  a  metallic  lustre  and  being 
nearly  black.    He  found  its  composition  to  be : 

I. 

Iron  in  the  free  state 40*940 

Iron  in  combination 30*160 

Carbon  in  the  free  state 1*640 

Carbon  in  combination • 8*000 

Nickel 2*660 

Cobalt 0*W0 

Phosphorus 0*210 

Aisenic   0*410 

Sulphur  ...„ 2*700 

Silicium 0076 

Nitrogen     0004 

Oxygen   12*100 

Water  (hygrometric) 0*910 

Water  in 'combination  •••..... 1*960 

Chromium,  Copper,  etc 1*010 

Calcium  sulphate,  chloride,  etc 1  *364 

100*013 
In  his  second  paper  he  gives  analyses  of  two  more  specimens : 

II.  Light  grey  iron,  possessing  metallic  lustre.  It  is  not  homongeneous,  as  it 
miffht  be  assumed  to  be  from  its  lustre  and  colour.  When  crushed  in  a  mortar,  it 
is  divided  into  two  parts :  the  one  crumbles  to  fine  powder,  the  other  is  flattened 
into  plates,  requiring  much  trituration  to  break  them  up.  III.  Metallic  grains 
BM^hanically  separated  from  the  rocky  portion  in  which  they  were  distributed. 
These  sphexiiles  exhibit  figures,  when  etched,  and  contain  silicate  distributed  in  very 
fine  pieces  throughout  their  mass ;  in  one  rounded  fragment  the  silicic  acid  of  this 
nlicate  amounted  to  11*9  per  cent,  of  the  total  constituents. 

II.  III. 

Iron  in  the  free  state  ...    ^.    ...  80*800  ...  61*990 

Iron  in  combination   ...     m.    ...  1*600  ...  8*110 

Carbon  in  the  free  state     0*300  ...  1*100 

Carbon  in  combination      2*600  ...  3*600 

Silicium       0*291  ...  — 

•  »  Htcr     ...         ...         ...         a.*         ...         •••  vl    I  Uw         ...  ^""" 

Calcium  chloride 0*233  ...  0*146 

Iron  chloride       0*089  ...  0*114 

Calcium  sulphate 0*063  ...  0*047 

Copper trace.  ...  trace. 

It  will  be  seen  that  specimen  III.  is  not  less  rich  in  carbon 
^^  L,  and  that  specimen  II.  also  contains  a  conBidQicobld  c\v\axi\i\.^« 
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(nen  I.  is  distinguiBbed  from  U.  by  a  large  proportion  of  c 
bined  iron.  By  trealnient  witb  alcohol,  calcium  chloride  was  extracted 
and  detormiiiod  in  I. ;  with  cold  distilled  water,  tbe  soluble  s&\ts 
were  romoved'from  11.  and  III.  I.  conljiinB  more  lime  eiUpbate  aud 
leaa  okloride  than  II.  and  III. 

These  meteoric  masses  are  distinguished  by  the  amount  of  carbon, 
free  and  combined,  which  they  contain  ;  by  the  presence  in  tLem  of 
a  large  proportion  of  iron  in  combiuation  with  oxygen,  but  in  what 
atate  of  oxidation  is  not  clearly  ascertained  ;  and  by  the  occurrence 
of  soluble  chlorides  and  sulphates,  es])ecially  calcium  sulphate, 
throughout  their  structure.  No  salt  of  potassium  has  been  detected 
in  thom,  nor,  which  is  very  remarkable,  has  sodium  chloride  been 
found,  although  oarofiiUy  sought  for.  llie  intimate  distribution  of 
tlieae  salts  through  the  Ovifak  iron  is  certainly  an  indication  that 
they  must  be  numbered  among  the  original  constituents  of  these 
meteorites. 

Daubrc'e  noticed  that  specimen  II.  showed  a  marked  tendency  to 
absoib  water  and  to  rust  away ;  a  few  days  siifficed  to  make  this 
apparent.  The  local  nature  of  the  oxidation  he  attributes  to  the 
irragolar  distribution  of  the  deliquescent  salts.  Among  these  com- 
pounds, instead  of  iron  chloride,  to  the  action  of  which  tbe 
decay  of  meteoric  iron  has  usually  been  ascribed,  calcium  cliloride 
appears  to  play  the  most  prominent  part.  In  support  of  this  view 
it  maj  be  remarked  that  No.  II.  iron,  the  one  most  liable  to  clinnge, 
is  that  containing  the  greatest  proportion  of  tliia  salt,  t^  amount  being 
six  times  that  met  with  in  No.  I.  iron. 

Calcium  and  mt^;nesium  sulphates  were  noticed  by  Daubr^e  to 
form  constituents  of  the  Orgneil  Stone,  and  the  latter  salt  is  also 
present  in  the  aerolites  of  Eaba  and  Alais.  AH  theae  are  carbon- 
aoeous  meteorites.  Kay  the  oaloium  sulphate  of  these  irons,  as  well 
as  that  of  the  above-mentioned  aerolite,  be  a  product  of  the  oxidation 
of  a  calcium  (magnesium)  sulphide  auob  as  oocun  in  the  meteorite  of 
Busti,  which  stone  also  contains,  among  other  oonstitnenta,  augite 
and  metallic  iron? 

The  greater  etabUity  which  these  masses  exhibited  so  long  as  they 
were  in  polar  latitudes  is  no  doabt  due  to  the  reduced  tension  of 
aqueous  vapour;  had  they  fallen  in  r^one  further  south  and  been 
exposed  to  a  milder  climate,  they  would  without  donbt  have  long  ainoe 
fallen  to  powder. 

In  his  second  paper  Wiihler  points  outtheprobability  of  the  No.  IL 
iron  which  Daubree  examined  being  of  the  same  kind  as  that 
which  he  himself  analysed.  He  remarks  that,  although  Daubree 
found  this  variety  of  the  metal  to  show  a  tendency  to  oxidize  even 
in  a  few  days,  his  specimen  had  remained  bright  and  unchanged 
after  it  had  been  a  year  in  his  collection. 

NauckhofiT,  whose  exhaustive  examination  of  the  rooks  associated 
with  the  Ovifak  irons  wo  shall  immediately  turn  to  consider,  analysed 
the  spangles  and  sphernles  which  can  be  removed  by  a  magnet  from 
tbe  rock  that  occurs  in  rounded  masses  in  the  basalt  ridge,  and  of 
which  tbe  composition  is  given  in  the  table  of  his  analyses  under  HX 
'  ^me  of  tboae  spangles  oould  be  pnlveriiei  OTA'S  w^  diffioulty ,  and 
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were  readily  flattened  oat;  the  spherules,  though  so  hard  that  a 
sharp  steel  nle  would  scaroely  touoh  them,  were  easily  crushed.  They 
had  the  following  oomposition : 

■*•"■*  •••  ■••  •••  ••! 

^^ ICKcl    •••        •••       («•        ••! 

Cobut  ••■ 

\/oppor  •••    •••    •••    ••« 

Hycunogen    •••    •••    ••< 

CWDOIl  ••        •••      a,.       ••) 

Bnlphv... 

Cbioriiio  •••    ,«•    ••• 

Magnetite  

Stlieieacid  .^    

In  the  hasalt  of  the  ridge,  of  which  an  analysis  is  given  under  II. 
in  the  same  table,  a  compact,  veiy  brittle,  yellow,  or  slightly  brown 
nuneral  occurs  in  thin  flakes,  sometimes  in  nodules  of  the  size  of 
A  pea;  it  is  invariably  penetrated  and  usually  surrounded  by 
a  mineral  resembling  hisingerite,  to  which  attention  will  presently 
be  directed.  The  mineral  has  a  hardness  of  5  to  5*5,  and  easily 
fuses  before  the  blowpipe  with  evolution  of  sulphurous  add  to' a 
magnetic  regulus.    It  has  the  composition : 


68-25 

Fhosphorio  aoid  ... 

••• 

traoe. 

2-16 

Alamina       

... 

1-45 

O'SO 

Nickel  and  Cobalt  oxidet 

0-44 

013 

Magneflia     

0-38 

0-28 

liime     •••    •••    .•• 

0-60 

1-64 

CKKIA        •.•      •••      ••• 

009 

016 

Potaah 

tvace. 

0-16 

Bendue...    ...    ••• 

607 

80-42 
0-26 

102-64 

Iron... 

Nickel 
Copper 
Sulphur 
Silicate 


•■• 


••• 


62-94 
606 

trace. 

33-41 
8-69 


67-91 

6-63 

trace. 

36-66 


Eauivalent 

Ratioi. 
2-068 
0-190 

2-286 


) 


2-268 


10000  100-00 

These  numbers  give  the  formula  (Fe,Ni)  S,  or  that  of  the  iron  (nickel) 
monosulphide  or  troilite,  which  has  hitherto  only  been  met  with  in 
meteorites. 

Intimately  associated  with  the  troilite,  and  evidently  a  product 
of  its  oxidation  and  further  alteration  is  the  mineral  already  men- 
tioned, the  fresh  fracture  of  which  is  of  a  light  olive-green  colour, 
that  by  exposure  to  the  air  soon  becomes  brown,  and  after  soma 
days  turns  quite  black. 

Its  specific  gravity  is  2*919,  and  composition : 


Silicic  acid 
Iron  sesquioxide 
Iron  protoxide... 
Water 


...    ...    ...    ..• 


•••    •••    ••• 


...    ... 


•••     •.•    *••    ••• 


31-70 

61-49 

3-81 

16-66 


..•     ••• 


Oxygen. 

16-90 

16-44 

0-86 

1206 


100-66 

These  numbers  indicate  the  formula : 

FeO,SiOj+3(2Fe203,3Si02)+14HjO 
M  that  of  the  mineral.  Nauckhoff,  however,  draws  attention  to  the 
rapidity  with  which  the  oxidation  of  the  pulverized  mineral  takes 
place :  five  days  after  the  analysis  was  made  the  per-contago  of  iron 
pwloxide  in  another  portion  had  fallen  to  3*47,  and  after  three  weeks 
^  1*55.  The  original  unchanged  mineral  was  probably  a  hydrated 
^^novdi  silicate. 

(lb  ie  continued  in  our  next  Numbir.) 
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IV. 0»   THE   GacLT   jFORRBAtDX. 

By  J.  Stixkie  GinniiBa.  P.G.B. 
(PLATE  V.) 

{Omtiniud  /rant  poft  60.) 
Addenda  and  Nolet  to  Oruap  1. 

Since  the  appearance  of  the  first  part  of  Uiis  paper,  I  have  hod, 
tiirough  the  kinilneas  of  M,  Deeliayes  nni!  FrofL  Oaudry,  ftn 
opportunity  of  examining  the  origiiml  speciiuoos  in  D'Orbtgny's 
cabinet  in  the  Jnrtlin  des  Pianteij,  and  am  enabled  to  add  the  fol- 
lowing to  the  list  of  Bpeciea  included  in  Group  1.  They  are  all  in 
the  FiodrDttic  : — 

A.  AonU,  U'Orb..  irom  the  Chalk. 

A.  MaiUAina.  D'Oib.,  id. 
,    A  shell  of  Ini^er  size  than  j1.  relasa  or  A.  Fittom,  with  very 
angolated  whorls,  one  strongly  developed  keel  visible  to  the  apei  of 
the   Bpiie,  a  second  keol  visible   on   the   last  whorl  only: — wing 

The  figure  in  the  Pal.  Fr,  does  not  resemble  in  lie  characters  the 
specimen  in  tlie  cabiaet  numbered  6238,  lehick  i$  tdenlieal  teitk  oin 
of  the  two  Greg  Gkalk  tpeciea  menlionfd  last  month  as  undetcribfd. 
If  the  figure  is  correctly  drawn,  there  are  two  spedes  under  this 

A.  (Pt.)  margnata,  D*Orb. 

Some  of  the  epedmens  are  probably  A.  retuta,  bat  others  are  more 
globular,  and  are  regularly  and  deeply  striated,  resembling  the 
Booond  nndeaoribed  form  mentioned  num  the  Grey  Chalk.  Any 
definite  opinion  as  to  their  identity  must  be  reserved  until  better 
epecimens  are  prooaied. 

The  figure  in  D'Orb.  Pal.  Fr.,  pi.  217,  fig.  2,  is  muoh  larger  than 
any  in  the  cabinet,  whicdi  do  not  exoeed  the  dimensions  of  the  test 
of  A.  reitiia. 

A.  Moutoniana,  D'Orb.,  and  A.  pronndali$,  D'Orh.,  from  the 
Keocomien  of  Esoiagnolles  and  Var,  are  probably  the  A.  Fittom  of 
the  Lower  Greensand. 

A.  (Pt.)  Boehatiaita,  D'Orb.,  has  the  form  of  A.  Fittom,  bat  with 
unkeeled,  inflated  upper  whorls,  and  tuberoulated  keels  on  the  lower 
whorls.     Xeocomien. 

A.  angidoaa,  D'Orb.,  from  Bta.-Fe  de  Bogota,  is  a  small  distinot 
species,  with  angular  and  pronounced  keels.     Neocomien. 

A.  Americana,  D'Orb.,  id.,  Colombia,  St  Martin  (Tar),  and 
Cbatean-neuf  (Haates  Alpee),  has  a  slightly  longer  spire,  angular 
whorls,  keels  as  in  .^.  MaUUana,  and  short  expanded  wing,  linking 
the  present  group  with  Groups  3  and  4. 

I\uut  Cottaldiniu,  D'Orb.,  8te.-Croiz,  is  the  young  of  ^.  retuta. 

There  is  also  a  very  distinct  form  in  the  splendid  musemn  of  the 
Ecole  des  Mines  in  Paris,  which  has  a  globular  shape,  with  depressed 
spire;  all  but  the  lost  whorls  strongly  striated  and  reticulated. 
The  Slromb'it  pyri/ormit,  Kner,  figured  by  Geinitz  in  the  Quader- 
,  sands  teingebirge,  is  probabhr  intended  to  represent  this  species,  as  it 
£via  the  aame  JoosIlf7-^Leniberg. 
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The  specimen  labelled  A,  retusa,  from  Devizes,  in  the  Jermyn 
Street  Museum,  has  an  expanded  wing,  and  is  more  elongated  an- 
teriorly than  A.  retusa  from  Folkestone. 

Addendum  to  Group  2. 

There  are  two  specimens  from  the  Upper  Greensand  of  Evershot 
of  a  large  Aporrha'is,  allied  to  A.  cingulata,  in  the  collection  of  the 
Geological  Museum,  Jermyn  Street.  I  shall  take  a  future  opportunity 
of  describing  them.  Meanwhile,  as  they  are  perfectly  distinct  from 
any  other  Continental  or  British  form,  I  propose  to  name  them 
Aporrhais  Etheridgti,  in  compliment  to  Mr.  Etheridge,  F.B.S., 
PalsBontologist  to  the  Geological  Survey  of  Great  Britain. 

Erratum  in  last  Number :  p.  53,  line  13,  read,  except  from  Aachen. 

Gsoup  3. — Spire  long,  whorls  angulated,  carinated  or  bicarinated, 
spirally  striated,  generally  with  nodes  or  ribs  transverse  to  the 
whorls ;  wing  narrow  and  long,  simple  or  bifurcated.     No  posterior 

Type : — ApobbhaTs  oabinata,  Mantell  (1822).   Plate  V.  Fig.  1. 

Description.  —  Spire  elongated,  composed  of  about  12  convex 
angulated  whorls,  forming  an  angle  of  21° ;  finely  striated  spirally, 
ornamented  transversely  on  the  convexity  of  the  whorls  by  10  or  11 
salient,  slightly  oblique  and  generally  elongated  tubercles.  The 
sutures  are  very  visible  and  slightly  keeled.  Fainter  and  less  regular 
stria  cross  the  spiral  lines,  and  coincide  in  direction  with  the  ribs  ; 
they  are  especially  visible  on  the  sutural  keels.  The  tubercles  en- 
tirely disappear  on  the  last  whorl,  and  are  replaced  by  two  very 
salient  angular  striated  keels,  the  posterior  of  which  is  most  prominent 
and  is  prolonged  to  the  extremity  of  the  wing,  in  the  fonn  of  a  very 
strong,  narrow,  rounded  ridge ;  this  ridge  or  wing  process  runs  at 
first  at  right  angles  to  the  axis,  and  then  abruptly  curves  upward 
and  continues  more  or  less  parallel  to  the  s^^ire,  which  it  equals  or 
even  exceeds  in  length ;  it  terminates  in  a  sharp  point  or  canali- 
culated  spine.  A  second  anterior  keel  rises  in  most  specimens,  if  not 
all,  near  the  margin  of  the  lip,  runs  parallel  to  the  first  for  a  short 
distance,,  and  at  the  point  of  curvature,  diverges  in  an  opi^osite  and 
slightly  outward  direction  in  the  fonu  of  a  comparatively  short  and 
sharp,  solid  spur ;  the  space  between  the  two  keels  forms  a  narrow 
triangular  wing,  truncated  at  its  extremity.  The  wing  is  applied  to 
the  last,  and  sometimes  very  slightly  to  the  penultimate  whorl ; 
although  slender  looking  and  elegant,  it  is  remarkably  thick  and 
strong.  The  spire  measures  -046,  canal  '036 ;  breadth,  including 
wing,  -036;  the  length  of  posterior  digit  from  the  point  of  curvature 
is  '034,  and  of  the  anterior  digit  -012.  The  outer  lip  between  the 
wing  and  anterior  canal  is  slightly  sinuous ;  the  anterior  canal  equals 
tiie  length  of  the  spire,  is  slender,  and  is  either  straight  or  curved  to 
the  right.  Mouth  narrow,  columellar  lip  encrusted  immediately 
round  the  aperture.  A  slight  modification  of  this  species  occurs  in 
the  Upper  Gault,  in  which  the  posterior  digit  of  the  wing  is  shorter, 
stndghter,  and  diverges  outwards;   the  anterior  spur  is  longer  in. 
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proportion  to  the  wing,  and  the  tubercles  soom  lois  elongated.    Tbey 
occur  uKiially  in  a  crushed  condition. 

Di§lribution. — This  nnd  A.  marginala.  Sow.,  are  the  moat  abnndant 
Gaateropods  at  Folkestone,  riuigiog  through  all  thi)  bade  of  the  Gault, 
and  being  frequently  foand  in  massea  together.  Alatitell,  Pitton, 
and  others  mention  it  from  Bingmer,  Bidge,  Bletchingley,  Langhton, 
Norlington,  Warminster  (?),  Cnmbridge,  otc 

On  the  Continent  its  distribution  seems  restricted  to  the  Paris 
bnsin,  but  many  of  the  casts  figured  under  other  names  loaj,  on 
examination,  be  found  to  belong  to  this  species,  and  its  known 
localities  would  be  thus  extended.  The  spire  without  the  lust  wLorl 
or  wing  process  may  easily  be  confounded  with  J.  marginala,  and 
in  the  form  of  casts  they  ars  still  more  difficult  to  separate.  It  ti 
eminently  characteristic  of  the  Gault.  ' 

Sistory. — Tliia  shell  was  first  figured  and  desoribod  by  Mantall  as    ' 
liotUUaria  carinata,  in  the  Gieology  of  Sussex,  in  1823,  p.  86,  tab. 
xin.,  figs.  12  to  14;   again  by  Sowerby  in  Fitton,  1836;   and  by    , 
D'Orliigny  in  1842,  who  first  published  a  tolerably  perfect  repre-    ' 
aentfttion  of  the  species.     It  was  next  noticed  in  D'Orbigny's  fto-   I 
droiue.     Pictet  and  Campiohe  did  not  figure  this  form,   but  it  is  ' 
mentioned  on  page  G24:  in   thi'ir   list.      In  1859   Dr.   Cheiiii   fignrnd 
it,  page  25y  in  the  Manuel  de  Conclu,  as  Fterocerai  carinala.     Mr. 
E,  Tnte  in  186S  described  it  in  the  Geol.  Repertory,  p.  97,  fig.  17, 
as  an  Alaria.     It  is  the  Gladhia  carinatna  of  Gabb,  18G1. 

Considering  its  abundance,  it  is  surprising  that  it  should  have  been 
noticed  by  so  few  authors,  but  it  probably  is  owing  to  the  ro- 
seiiiblance  of  its  spire  and  ornamentation  to  that  of  A.  iiiarginata. 
Tbo  following  may  be  identical  with  .4.  carinala  or  are  closely 
allied ; — J?.  ISeltliana,  do  Loriol,  1861,  Neocoraien  ;  R.  eletjam,  id. ; 
a.  Necheriana,  Pict.  and  Eoux,  Perte-du-Rhone,  figured  from  casts. 
i*;.  tuberoea,  Rriart  and  Comet,  though  greatly  resembling  A. 
carinata,  ia  probably  distinct. 

AroRBHAis  ELOSGATA,  J.  Sowerby.     Plate  V,  Figs.  2,  2a,  3. 

Description. — Shell  very  elongated,  spire  forming  an  angle  of  20°, 
and  consisting  of  nine  or  ten  convex  whorls,  which  are  one  and  a  half 
times  wider  than  high,  finely  striated  spirally,  and  with  l«n  or  eleven 
salient,  rounded  ribs,  which  extend  across  the  entire  breadth  of  the 
whorls.  Three  or  four  of  the  striie  are  much  more  defined  near  the 
apical  suture,  and  form  a  narrow,  distinct,  flat  region  between  the  con- 
vex parts  of  the  whorls,  thus  giving  a  decided  character  to  the  shell; 
the  ribs  nearly  disappear  on  the  last  whorl,  which  has  a  single  in- 
distinct keel.  The  wing  is  a  long  straigbt  projection  at  right  angles 
to  the  axis;  longer  and  narrower  than  that  of  A.  carinala,  which  its 
termination  should  resemble  I  have  seen  no  specimen  more  perfect 
than  the  one  I  have  figured  Plate  V  Fig  2 ,  but  John  GrifGths,  of 
Folkestone,  remembeis  finding  one  with  a  wmg  terminating  "  liks 
a  pickaxe  '  Ihis  specimen,  he  thinks,  found  its  way  into  Hr. 
Wiltsliire  "i  cabinet  The  outer  lip  is  angular  the  cohiniellar  lip 
encrustLd  witb  the  apertuie,  reseiubliiig  A  carinata.     The  anterior 
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oanal  is  long,  and  curved  sligbtlj  to  the  right.  The  length  of  the 
ipire  is  -054  and  the  canal  K)38. 

DittniAiiion. — Gkralt  of  Folkestone,  where  it  is  rare;  Cambridge  (?). 

HiMtory. — In  1836  Sowerby  figured  an  undoubted  fragment  of  this 
diell  in  Fitton's  Memoir,  TVans.  Gkol.  Soc.,  pL  xi  fig.  16,  p.  336, 
with  the  following  note : — ''  Presumed  to  be  a  BosleUaria  fron)  its 
resemblance  to  J?,  marginata;  from  which  it  differs  in  its  great  length 
and  smaller  ribs."  It  has,  however,  a  stronger  resemblance  still  to 
A,  carinata,  to  which  it  is  most  closely  allied.  D'Orbigny  in  the 
Prodrome,  Pictet  and  Campiche,  and  Qahh  mention  it  from  Folke- 
stone only,  on  Sowerby's  authority. 

This  shell  should  continue  to  rank  as  a  species,  for  although  each 
differing  character  is  not  in  itself  of  great  importance,  yet  combined, 
they  give  a  very  distinct  aspect  to  the  shell. 

Apobbhais  mattka,^  Price  (A,  marginata^  Pict.  and  Gamp.). 

Plate  V.  Fig.  4. 

Deseriptian, — Spire  elongated,  composed  of  eight  or  more  convex 
whorls,  forming  a  regular  angle  of  about  30^,  finely  striated  spirally, 
and  ornamented  transversely  by  about  twelve  regular  ribs  to  each 
whorl,  which  extend  from  suture  to  suture.  These  ribs  disappear  on 
the  last  whorl,  and  are  replaced  by  a  single  prominent  and  angular 
keel.     The  wing  and  anterior  canal  resemble  those  of  A,  carina ta. 

Distribution, — Gault  of  Folkestone,  upper  and  lower  beds.  Gault 
of  the  Perte-du-Rhone  and  Ste.-Croix. 

History, — An  impression  of  a  shell  of  this  species  was  found  at 
Folkestone  by  Mr.  F.  G.  H.  Price,  who  named  it  Bostellaria  maxima, 
and  described  it  in  the  Geological  Magazine  for  March,  1873. 
Owing  to  the  crushed  condition  of  the  only  specimen  then  known, 
and  which  I  at  the  time  carefully  examined,  it  was  not  till  a  second 
specimen  was  found  that  I  observed  it  to  be  identical  with  A. 
marginata,  Pict.  and  Campiche,  whose  figure  2,  pi.  xciv.,  almost 
exactly  resembles  the  fragment  I  have  here  figured.  Pictet  and 
Boux's  figures  present  the  same  characters,  but  are  of  much  smaller 
size.     It  is  very  desirable  to  obtain  more  perfect  specimens. 

ApoRBHAis  Cabinella,  D'Orb.     Plate  V.  Figs.  5,  6,  6a. 

Description, — Shell  elongated,  the  spire  forming  an  angle  of  21°, 
composed,  when  perfect,  of  twelve  angulated  whorls  with  a  strongly 
developed,  acutely  angular  keel,  situated  a  little  anterior  to  the 
middle  of  each  whorl ;  a  second  anterior  keel  is  nearly  concealed 
by  the  suture,  but  appears  on  the  last  whorl.  The  whorls  are  finely 
striated,  especially  the  region  anterior  to  the  keel.  The  ridges, 
which  are  very  salient,  are  finely  tuberculated  at  their  apices,  except 
on  the  last  two  whorls.  On  the  last  or  body -whorl,  the  keel  is  still 
more  prominent  and  acute,  and  is  prolonged  into  a  straight,  angular, 
ridged  or  carinated  process,  at  nearly  right  angles  to  the  axis  of  the 
shell  for  a  distance  almost  equalling  the  length  of  the  spire,  where 
it  bifurcates;  the  anterior  digit  being  a  very  short  spur,  and  the 
posterior,  a  long,  gradually  recurved  point.     The  aperture  is  narrow, 

*  Sowerby  having  employed  the  name  marginata  for  a  different  Bpedes, — \iia.\.  "iMiNi 
k&own  as  Orbi^yana,'--Mr,  Price's  name  may  stand. 
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and  the  oater  lip  emuous :  tbe  anterior  canal  very  long,  slender 
aad  tJi^iering;  the  columellar  lip  ie  incrusted,  Tho  length  of  the 
apire  is  "023,  and  tlie  canpil  -017  ;  the  breadth,  including  wing,  -024. 

Dittribulion. — It  is  rare  at  Foikestono,  and  ia  not  recorded  else- 
where in  England.  It  ia  found  in  France  and  Smtzerlaod— in  the 
Paris  bftain,  atErvy,  Dienviilfl  {specimena  in  tbe  Sorbonne  Muaeum), 
Girandot,  Sto.-Croii,  etc. 

Mistorij. — This  apeciea  was  described  by  Sowerby  in  1832  as 
a  Fwut,  and  named  by  him  earineUa,  in  tbe  Trans.  Qeol.  Soc  2nd 
■eriea,  vol.  iii.  p.  418,  pi.  39,  f.  24,  and  quoted  by  Michelin,  Mem. 
Soo.  Geol.  -vol.  iii.  p.  100, 1638,  without  description,  as  a  Uosfellaria. 
In  1842  D'Orbigny,  in  the  Pal.  Franc.  Terr.  Cret.,  vol.  ii.  p.  287,  pi. 
207,  figs.  7  and  8,  gave  an  excellent  figure  of  this  form.  It  seems 
to  have  lind  a  wide  range,  being  mentioned  in  the  Prodrome,  and  by 
Oornuel  in  1651  from  the  Haute-QIame,  by  Cotteau,  1854,  and 
Baulin  and  Lcymerie,  1858,  from  the  Yonne.  In  18G4  it  was 
figured  by  Pictet  aud  Campiche,  pi.  94,  figs.  4 — 7,  p.  616  ;  the  only 
difference  between  their  figures  and  the  present  arises  from  tbe  im- 
pOrfeotion  of  tlie  specimens  they  had  to  describe,  as  the  strite  and 
tuberculated  carinie  are  only  seen  on  very  well  perservod  examples,  j 
In  1865,  Mr.  R.  Tate  mentioned  it  as  a  British  species,  and  in  1669 
it  is  found  in  Joccard's  list  from  the  Middle  Oault  of  Ste. -Croix. 

AporrhaVs  OALCiRATA.  J.  Sowerby.  Plnlc  V.  Figs.  V-llo. 
Itisciijitioa. — Shell  moderately  elougut^,  oouiotti;  fipiro  ibrmiag 
an  angle  averaging  about  32°,  diminishing  rapidly  towards  the  apes, 
which  forms  an  obtase  termination;  it  is  composed  of  six  convex 
whorls.  The  whorls  are  finely  but  very  distinctly  striated  spirally, 
ornamented  transversely  by  many  oblique,  fiexuous  and  equal  rilm. 
Commencing  from  the  apex,  the  first  three  whorls  have  a  prominent 
angulctr,  median  keel,  the  transverse  ribs  not  becoming  visible  till  the 
third  whorl ;  on  the  fourth  and  fiilh  the  keel  is  hidden  by  the  sncoeeding 
whorls,  to  reappear  on  the  last.  On  these  (the  fourth  and  fifth  whorls) 
the  ribs  are  also  very  pronounced,  and  are  still  quite  visible  on  tlie 
posterior  region  of  the  last.  The  last  whorl  has  therefore  a  salient, 
angular  keel  at  about  its  oentre,and  a  less  salient  keel  anterior  to  it;  the 
region  posterior  to  the  dominant  keel  is  ornamented  by  transverM 
ribs,  similar  to  those  on  the  other  whorls,  and,  as  etat^  above,  the 
keel  ia  continued  up  the  spire,  but  is  hidden  by  the  suture ;  tbe 
remainder  of  the  whorl  ia  finely  bnt  distinctly  and  regularly  etriatod. 
The  dominant  keel  is  prolonged  in  a  strong,  striated,  and  acnte 
narrow  and  simple  digitation,  at  first  at  right  angles  to  the  axis,, 
and  then  curving  gradually  upwards,  it  exceeds  tbe  spire  in  length, 
and  terminates  in  a  sharp  point.  In  many  specimens,  however,  it  is 
shorter,  and  perhaps  a  little  broader.  ITie  aperture  is  narrow,  and 
is  encrusted  on  the  columellar  side ;  the  anterior  canal  is  long  and 
straight :  the  outer  lip  is  toothed  ;  and  tbe  wing  applied  to  the  last 
whorl  only.  The  average  length  of  the  shell  ia  about  -006 ;  they  are 
found  at  Blackdown  as  long  as  -020. 

In  a  specimen  from  an  upper  bed  of  the  Gault  at  Folkestone,  Fig- 
it?  there  are  more  whoils,  Uie  keels  near  the  apex  are  less  visible, 
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and  there  are  no  ribs  on  the  last  two  whorls ;  the  canal  is  very  long, 
considerably  exceeding  the  length  of  the  spire. 

The  Blackdown  specimens  present  a  somewhat  different  aspect, 
and  the  description  of  this  species,  to  apply  to  them,  has  to  be 
modified  in  the  following  manner : — ^there  are  seven  to  eight  or  nine 
whorls,  the  spire  varies  from  an  angle  of  about  22^  to  33%  and  is 
sometimes  pupseform,  bat  with  the  apex  drawn  out  and  tapering 
very  gradually.  The  last  two  or  tlu-ee  whorls  form  an  obtuse 
termination  in  exactly  the  same  manner  as  the  Folkestone  shell,  but 
this  termination  is  far  less  conspicuous,  and  only  to  be  seen  in  well 
preserved  specimens,  or  by  the  aid  of  a  lens,  as  the  spire  tapers  to 
a  finer  point,  and  the  apical  whorls  are  therefore  smaller.  The 
mode  of  growth  is  the  same  as  that  of  the  Folkestone  forms,  but 
wtking  could  he  more  variable  than  the  number  and  distinctness  of  the 
ribs.  These  are  sometimes  entirely  obliterated,  leaving  only  faint 
traces  in  crossing  the  keels  (Fig.  8),'  sometimes  they  are  very  pro* 
noonoed  and  regular  (Fig.  1).  On  the  last  whorl  in  particular,  the 
ribs  are  sometimes  wholly  absent,  in  other  cases  they  extend  to  the 
anterior  keel,  being  bent  in  their  passage  over  the  median  keel, 
giving  them  an  angularly  flexuous  appearance  (Fig.  15).  There  are 
strongly  marked  varices  on  some  of  the  shells.  The  wing  is  shorter, 
broader  and  stronger,  but  when  perfect  is  always  produced  in  an 
acute,  upward  point :  at  the  point  of  curvature  it  is  broad,  with 
even,  though  very  rarely,  a  tendency  to  become  bifurcated  (see 
Fig.  16).  ITie  aperture  is  the  same  as  in  the  Folkestone  shells,  but 
the  anterior  canal  is  never  long. 

These  differences  would  be  by  many,  as  they  have  been  by  Prof. 
Morris  and  others,  considered  sufficient  to  constitute  the  Blackdown 
fossils  into  a  separate  species ;  but  frequent  examination  of  a  large 
Beries  of  specimens  has  convinced  me  that  they  cannot  be  so  sepa- 
mted,  as  I  am  utterly  unable  to  find  any  fixed  specific  character  by 
^hich  to  distinguish  them ;  the  more  ordinary  forms  of  this  shell 
from  both  localities  being  all  but  identical  with  each  other.  I  shall 
allude  farther  on  again  to  these  differences,  and  hope  to  offer  some 
explanations  which  may  help  to  account  for  them. 

Distribution. — It  is  exceedingly  abundant  both  at  Folkestone  and 
Blackdown,  and  not  uncommon  at  Shanklin.  On  the  Continent  it  is 
found  at  Ervy,  Courtaout,  Dienville,  Cosne,  etc.,  and  specimens  may 
be  seen  in  most  museums. 

Eistory, — Parkinson  first  figured  this  species  as  a  Bostellarite  in 
the  Organic  Remains,  vol.  iii.  p.  63,  pi.  v.  fig.  2.  Sowerhy  in  the 
Min.  Conch,  vol.  iv.  p.  69,  pi.  349,  figured  and  descriljcd  it  very 
carefully,  naming  it  R.  calcaraia;  and  D'Orbigny  in  1842  p-we  an 
enlai^ed  figure  of  this  shell  from  the  Gault  of  Ervy,  Pal.  Fr.  Terr. 
Cret.  pi.  207,  fig.  3. 

I  am  not  quite  certain  whether  the  figures  and  descriptions  of 
4.  Jfuletif  composita,  etc.,  of  other  authors  are  identical  with  our 
species,  as  their  shells  are  considerably  larger,   specimens  in   the 

*  Mr.  Ralph  Tate,  Geol.  and  Nat.  Hist.  Repcrtorj*,  Sept.  186t5,  named  tUva  xm'SiN?? 
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Yienna  aod  Dresden  Moseomt  being  an  indi  long.  Hkms  from 
Blaokdown  seem  oooamonally  to  hftTe  attained  a  yeatar  aiMb  bnt 
never  appioaohing  the  siae  of  fhe  European  fiinna  jnat  mentioned. 
It  is  the  smalleBt  AvwrhaM  of  the  group. 

The  following  allied  forma  are  finned  in  Tazioaa  woiki,  Imt  their 
identity  with  A.  calcaraia  of  Sowmj  is  nnoertain,  and  fliay  aeera 
to  be  intermediate  between  this  form  and  A.  earmaUu 

B.  stenoptera,  Gkddf.     Gheenaandt  Aaohen. 

R  Buehii,  Munat,  Geinita. 

?  R  edUaraiatSbj.),  Geinita,  Benaa.    ZekdL 

S.  compoatlo,  Lieymerie. 

A.  Mtdeti,  D'Orb.,  Piotet  and  Oampiohe. 

J.  Hiiller,  in  the  Monogr.  der  Petxefi»ten  dea  Aabhen  Kreidefbr- 
mation,  figures  a  remarkaUe  assemblage  of  Aponfaaldea  that  are  near 
to  A.  cdUcaratOf  but  some  with  monatroua  fivrma  of  wing,  aee 
especially  Sir.  artMchnoideB,  figaved  by  Geinits  in  his  Qnadexaand- 
steingebirge»  tab.  iz.  f.  5.  ^ey  are :— JBL  wmnUa,  JBL  araekmaUh$, 
B,  grantdoBa,  Rj/vrca,  B.  NOuomL 

EXPLANATION  OF  PLATE  Y. 
Fio.  l.—Aporrhi^  tmrUmU^  Folkeffcoiie.    Fall  grown.    From  liis  saflioic^i  OiUaiL 
N.B. — ^The  q^ual  angle  i>  agpsreafly  iaeniMdy  owing  to  the  ywi— 
being  slightly  flattened. 
Fio.  2.—^.  elongmtm,  Folkeitone. 

Fio.  2a. — Portion  magnified.    Both  from  the  aaflior^i  oabinst. 
Fio.  8.— Spire  of  A,  ettrnptta.    From  Mr.  Price's  cdlleoiion. 
Fio.  4. — A.  maxima^  Folkestone.    From  a  fragment  in  Mr.  Price's  collection. 
Fio.  6. — A.  earinella,  Folkestone.    Ventral  sioe  of  a  fall-grown  specimen. 
Fio.  6. — A.  earinella.    Dorsal  view  of  another  specimen. 
Fio.  6a. — A  portion  magnified..   Both  from  the  author's  cabinet. 
Fio.  7. — A.  calcarata^  specimen  from  Blackdown,  showing  yarices.  In  the  Brit.  Mas. 
Fio.  7a. — Portion  enlarged. 

Fio.  8. — Specimen  with  faintly  marked  ribs.    In  the  British  Mnsenm. 
Fio.  8a. — Same,  enlarged. 

Fio.  9. — A  pupsBform  specimen.    In  the  British  Mnsenm. 
Fio.  10. — Specimen  from  Folkestone,  from  an  Upper  Bed  of  the  Oanlt.    In  the 

author's  cabinet. 
Fios.  11,12, 13.— Specimens  from  the  usual  Lower  Bed,  Folkestone.  From  the  same. 
Fio.  13a.— Same,  enlarged. 

Fio.  14. — A  specimen  from  the  same,  enlarged  twice.    In  the  British  Museum. 
Fio.  15.— Specimen  from  Blackdown  stron^y  ribbed.    In  the  British  Museum. 
Fio.  15a. — Same,  enlarged. 
Fio.  16. — Specimen  with  bifurcated  wing  from  Blackdown.    In  the  Brit.  Museum. 

(To  be  continued  in  our  next  Number,) 
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I. — Economic  Geology;  oe,  Geology  in  its  belatioks  to  the  Abts 
AND  Manupactubes.  By  Dayid  Page,  LL.D.  8vo.  pp.  836. 
(Edinburgh  and  London:  Blackwood  and  SonSi  1874.) 

IT  has  been  said  that  the  ultimate  aim  of  geological  inquiry  is  to 
restore  in  imagination  the  physical  geography  of  by-gone  periods ; 
to  restore,  however  dimly,  the  former  extent  in  different  times  of  land 
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and  water ;  and  to  picture  the  forms  of  animal  and  vegetable  life  that 
have  from  time  to  time  existed.  But  there  is  another,  and  perhaps  to 
the  majority  of  mankind,  a  higher  aim  in  Greology,  one  that  also  leads 
to  noble  thoughts  and  lofty  aspirations — sometimes  also  to  the  realiza- 
tion of  large  fortunee — ^the  study  of  Economic  Geology. 

The  application  of  Geology  to  the  Arts  and  Manufactures  has  been 
brought  prominently  before  us  by  Professor  Ansted  in  several  published 
works.  They  have  been  illustrated  in  the  Museum  of  Practical  Geo- 
logy, and  special  branches  of  the  subject  have  been  treated  of  in  workn 
by  Prestwich,  Hull,  Smyth,  and  many  others,  as  well  as  in  the  Eeports 
of  some  of  our  Royal  Commissions.  The  connexion  between  Geology 
and  other  sciences  is  as  much  displayed  in  its  economic  bearings  as 
in  its  purely  natural  history  relations. 

Dr.  Page  has  produced  a  very  comprehensive  work.     The  relations 

between  Geology,   Agriculture,   and  Land  Valuation  are  discussed, 

likewise   those   in   connexion  with    Architecture,    Civil   and    Mine 

Engineering.     One  chapter  is  devoted  to  Heat  and  Light  producing 

materials ;  and  another  to  G^eology  and  the  Fictile  Arts,  treating  of 

the  Clays  we  fabricate,  the  Sands  we  vitrify,  and  Glazes,  Enamels,  and 

Colours.     Chapters  are  devoted  to  Grinding,  Whetting,  and  Polishing 

Materials ;    to  Refractory   or  Fire-resisting  substances ;  to  Pigments, 

Byes,  and  Detergents ;  to  Salts  and  Saline  Earths ;  to  Mineral  and 

Thermal    Springs ;    to   Mineral   Medicines ;    to   Gems    and    Precious 

Stones ;  and,  lastly,  to  the  Metals  and  Metallic  Ores. 

At  the  end  of  each  chapter  Dr.  Page  has  enumerated  some  of  the 
most  important  works  that  may  be  consulted  when  details  on  particular 
Bubjects  are  required.  In  a  work  of  so  comprehensive  a  kind  as  this, 
it  is  impossible  not  to  find  some  subjects  which  appear  to  be  rather 
scantily  treated.  TV^e  might  have  expected  some  particular  notice  of 
Irish  peat,  or  a  reference  to  the  localities  in  England  where  it  has  been 
dug.  The  ages  and  modes  of  occurrence  of  the  clays  we  fabricate  are 
Wdly  noticed  at  all.  But  we  must  not  forget  the  cosmopolitan 
nature  of  the  work,  and  that  the  addition  of  much  more  material  would 
Hare  rendered  it  too  bulky  for  a  Text-book.  We  may  congratulate 
Br.  Page  in  having  produced  this  book,  which  cannot  fail  to  be  very 
largely  and  widely  appreciated. 

IL — Valleys  and  their  Relation  to  Fissures,  Fractures,  and 
Faults.  By  G.  H.  Kinahan.  8vo.  pp.  240.  (London : 
Trubner  &  Co.,  1875.) 

THOSE  who  have  been  spectators  of  the  course  of  Geological  Theory 
during  the  past  ten  or  fifteen  years  must  have  been  struck  by 
the  many,  seemingly  one-sided,  explanations  that  have  been  given  to 
account  for  the  origin  of  the  present  land  configuration.  The  early 
teachings  of  Hutton,  and  of  Scrope,  have  perhaps  been  more  fully 
appreciated  in  late  years  than  they  were  fifty  years  ago. 

The  effects  of  rain  and  river  action  have  been  more  fully  explained, 
and  the  great  influence  of  glacial  action  in  comparatively  recent  times 
has  been  also  taken  into  account.     Nor  has  the  agency  of  the  sea  been 
Bcglected,  although  it  has  been  clearly  proved  that  meteoric  a^^eumfi 
combined,  by  reason  of  the  greater  surface  they  have  to  act  u^^,oi\,  ^«C5: 
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exceed  in  deetnictive  power  fhe  inflnenee  of  ooeeaio  WATee  end  eunenti. 
It  maybe  fedrly  qnestioiied,  howereri  whether  lome  obierrecB  hare  given 
dne  credit  to  idl  denuding  ageaeieti  in  their  explanationi  of  fhe  origin 
of  scenery;  or  whether  ^ey  have  adequately  appreoiated  fiie  eflEeeti  of 
forces  apart  from  those  of  denudation.  If  we  caoBot  Ibllow  the  Duke 
of  Argyll  in  all  faia  interpretationi  of  geological  jphenomena,  we  can 
yet  be  thankM  for  the  woids  of  caution  he  has  grren  in  his  eloquent 
writings.  There  is  no  doubt  that  ice,  rain,  rivers^  and  aea  have 
performed  the  denudation.  The  question  10,  how  &r  have  other  agencies 
directed  their  action  f 

In  the  work  bcdfora  us  Kr.  Kinahan  has  endeavonied  to  denonstrate 
that,  in  general,  yallesrs  are  connected  with  fiiults  ot  bnakay  and  that  a 
Talley  or  hoUow  could  seldom  have  been  carved  out  unlsaa  there  were 
crackisy  minor  joints,  <xr  ottier  shrinkage  fissures,  in  which  one  or  other 
of  the  differ^it  denudants  could  work.  He  very  fiddy  aeknowledges. 
diat  meteoric  abrasion  (or  sub-aerial  denudation)  seems  to  be  the  most 
universal  performer  in  the  great  work  of  denudation,  but  that  without 
the  aid  of  faults  and  jointo,  few  vall^  could  have  acquired  their 
present  fonn.  The  fkot  tiiat  internal  forces  of  diaturbanoe  may  have 
ceased  to  act  long  before  present  surfaces  were  formed,  does  not  afiect 
the  question  of  their  influence.  The  author  points  out  the  relations 
existing  between  br^JoB,  faults,  and  lake-basuiB,  partioularly  in  Ire- 
land;  nevertheless,  ice-action  and  meteoric  abrasion  have  been  the 
denudants,  while  the  situation  and  shape  have  been  inflnewoed  by  the 
earlier  forces. 

Although  objections  may  be  taken  to  some  of  Mr.  Xinahan's  con- 
clusions, yet  on  the  whole  his  book  is  a  valuable  addition  to  the  litera- 
ture of  Physical  Geology.  The  majority  of  the  facts  stated  are  from 
the  observations  of  himself  and  his  colleague  the  late  Mr.  Warren 
on  the  Geological  Survey  in  Ireland,  and  it  is  such  experience  gained 
by  detailed  investigations  that  must  always  form  tlie  basis  of  our 
theories,  especially  when  taken  in  conjunction  with  the  feusts  observed 
in  different  parts  of  the  world. 

Gpx) LOGICAL  Society  of  London. — L — December  16, 1874.— John 
Evans,  Esq.,  F.R.S.,  President,  in  the  Chair. — ^The  following  oom- 
munications  were  read  : — 

1.  "  Descriptions  of  the  Graptolites  of  the  Arenig  and  Llandeilo 
Rocks  of  St  David's."  By  John  Hopkinson,  Esq.,  F.G.S.,  and 
Charles  Lapworth,  Esq.,  F.G.S. 

CoiTiTnencing  with  a  brief  historical  account  of  the  discovery  of 
Graptolites  in  the  neighbourhood  of  St.  David's,  from  their  first 
discovery  in  the  Llandeilo  series  in  1841  by  Sir  Henry  de  la  Becbe 
and  Professor  Bamsay,  the  authors  proceeded  to  explain  their  views 
on  the  classification  of  the  Graptolites  (Gbaptolithina,  Bronn), 
which  they  place  under  the  order  Hydroiday  dividing  them  into  two 
groups.  KHABi)c>ruoRA  (Allman),  comprising  the  true  siculate  or 
virgulate  Graptolites,  which  they  consider  to  have  been  free  or- 
ganisms,  and  Cladophoba  (Hopkinson),  comprising  the  dendroid 
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im  and  tlieir  allieB»  which  were  almost  oorfcaiiily  fixed,  and 
t  neariy  allied  to  the  recent  Theeapkor<L. 
distribution  of  the  genera  and  species  in  (he  Arenig  and 
lo  looks  of  St  David's  was  then  treated  of,  and  the  different 
ages  of  species  in  each  of  their  subdivisions  were  oompaxed 
Me  of  other  areas^ 

kienig  rooks  are  seen  to  contain  a  nnmber  of  species  which 
m  more  closely  to  the  Qaebec  group  of  Canada  than  to  any 
srtes  of  rooln,  all  their  subdivisions  containing  Quebec 
while  the  Skiddaw  Slates,  which  before  the  discovery  of 
ites  in  the  Lower  Arenig  rooks  of  Bamsey  Island  in  1872 
nsideied  to  be  our  oldest  Graptolite-bearing  rocks,  can  only 
slated  with  the  Middle  and  Upper  Arenigs  of  St  David'i 
iptoCtes  of  the  Arenig  rocks  of  Shnqwhire  and  of  moie 
Bdities  were  also  compared  with  those  of  St  David's. 
»  Uandeik)  series  of  this  district  the  iJladophora  have  now 
first  time  been  fimnd,  a  few  species,  with  several  species  of 
nkora,  occurring  at  Abereiddy  Bay  in  the  Lower  laandeilo^ 
done  has  been  carefully  worked,  there  being  much  more  to 

>  in  the  Middle  and  Upper  Llandeilo,  from  which  very  few 
of  Oraptolites  have  as  yet  been  obtained. 

of  the  recently  introduced  terms,  and  altered  or  more  definite 

^egy,  employed  in  the  descriptions  of  the  species  were  then 

)d;  and  the  paper  concluded  with  descriptions  of  all  the 

}f  Graptolites  collected  in  the  Arenig  and  Llandeilo  rocks  of 

id's  within  the  last  few  years  of  which  sufficiently  perfect 

ns  have  been  obtained,  doubtful  species  being  referred  to  in 

ndix. 

-two  species  were  described  belonging  to  the  following 

— Didymograptus,  Tetragraptus,   ClemagraptuB    (gen.    nov.), 

raptus,   CUmacograptus,  Diplograpttia,  Phyllograptua,  Gloaso- 

and   TriganograptuB  (Rhabdophora) ;  Ptilograptus,  Dendro^ 

CaUograptus,  and  Dictyograpius  (Cladophora). 

SIGN. — Mr.  Carrnthers  said  that  this  paper  greatly  added  to  our  know- 
tie  Graptolites.  He  had  doubts  as  to  the  true  position  of  the  Cladophora. 
Iiabdophora  the  later  forms  seemed  to  be  simpler  in  their  structure  than 
r  ones. 

cks  stated  that  the  branching  forms  occur  in  the  lowest  part  of  Ramsey 
aether  with  the  dendroid  forms. 

.  Rupert  Jones  inquired  whether,  if  it  were  true  that  the  later  forms  of 
»  were  simpler  than  the  older  ones,  we  may  regard  this  as  due  to  a  de- 
1  leading  towards  an  extinction  of  the  type. 

>pkinson^  in  reply,  stated  that  the  dendroid  forms  are  only  known  to 
alrondance  in  Britain  in  the  Arenig  rocks  of  St.  David's ;  and  that  there 
intermediate  forms  connecting  the  British  and  American  species  which 
x)cks  of  more  ancient  age.  He  remarked  tliat  he  did  not  consider  the 
forms  valuable  for  determining  zones,  species  very  nearly  allied  to  those 
renig  rocks  being  met  with  even  in  the  Lower  Ludlow  rocks  of  Shrop- 
tit  the  Rhabdophora  occur  only  in  small  zones,  and  wherever  they  are 
ey  seem  to  hold  an  equivalent  position.  They  are  consequently  valuable 
graphical  purposes.     Mr.    Hopkinson  stated  that  in  recent  deep  sea 

>  Hydroids  had  been  found  approaching  the  Graptolites  in  structure,  and 
ptolites  have  also  lately  been  discovered  which  have  man^  i^QmX&  \^ 
with  the  t«cent  sertulanan  Zoophytes,  ^ 
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2.  "  On  the  Age  and  Correlaliona  of  the  PIant-l»earing  seriaa  ■ 
IiiiJifl,  and  the  former  eiistence  of  an  Indo-Ooeanio  CootinenL"  E 
H.  F.  Blanford,  EBrj..  F.G.8. 

In  this  paper  the  aullior  showed  that  the  plant-bearing  series  < 
India  I'anges  from  early  Permian  to  the  la(«8t  JnnLSBic  times,  ind 
eating  that,  'with  few  and  local  exceptions,  land  and  freshwater  coi 
ditions  Imd  prevailed  unintemiptcdly  over  its  area  during  this  lor 
lapse  of  time,  and  perhaps  even  from  an  earlier  period.  lu  tl 
early  Permian  there  is  evidence  in  the  shape  of  boalder-beds  at 
breecius  underlying  the  lowest  beds  of  the  Tolchir  group  of  a  pr 
valence  of  oold  climate  down  to  low  latitudes  in  India,  and.  as  tl 
observations  of  geologists  in  Bouth  Africa  and  Anatralia  would  sec 
to  show,  in  both  hemispheres  sinjultaneously.  With  tlie  decrease 
cold  the  aiithor  believed  the  Floi*a  and  RepHlian  Fauna  of  Peraii! 
times  were  diffused  to  Africa,  India,  and  perhaps  Australia ;  or  tl 
Flora  may  have  existed  somewhat  earlier  iu  Australia,  and  ha< 
been  dilTused  thence.  The  evidence  he  thought  phowed  that  durii 
the  Permian  epoch  India,  South  Africa,  and  Australia,  -were  co: 
nocfed  by  an  Indo-oceanio  oontinont,  and  that  the  first  two  r 
mained  so  connected,  with  at  the  utmost  6ome  short  iutervaU,  up 
the  end  of  the  Miocene  period.  During  the  latter  part  of  the  tin 
this  continent  was  also  connected  with  Malayana.  The  position 
the  connecting  land  was  said  to  be  indicated  by  the  range  of  oor 
reefs  and  banks  that  now  exist  between  the  Arabian  Sea  and  We 
Africa.  Up  to  the  end  of  the  Nnmmnlitie  epoch,  except  periia] 
for  short  periods,  no  direct  connexion  existed  between  India  oi 


Discussion.— Frof.  Rnmsajrsaid  that'hellioue'litQieageof  tbcdifierentbedi  i 
fen^d  to  had  been  con-ectly  detennmed  bj  the  author.  He  doubled  vhether  there  n 
any  g[ci.t  diSereoce  between  the  Penman  and  the  Triassic  deposits.  HereTeired 
the  time  when  Ihe  possibility  of  the  occunrence  of  glaciation  in  Pennian  limes  n 
doubted,  but  nratic  boulder-lieds  of  undoubtedly  Pennian  age  had  since  be 
described  u  occurring  in  South  Aliica,  and  he  thought  there  was  a  genei 
tendency  to  admit  the  possibility  of  Pennian  glicialion.  He  remarked  tbi 
according  to  Mr.  CtoU,  glacial  periods  occur  at  intcrrals,  «lteniatiDg  on  t 
northem  and  southem  hemispheres  eveiy  25,000  years.  The  south  Is  now  unc 
more  glacial  conditions  than  the  noith,  and  during  the  formation  of  our  Boulder-d 
the  snuthem  henitsphere  had  a  more  temperate  chmale.  Prof.  Ramsay  agre 
with  the  author  in  the  belief  of  the  junction  of  Africa  with  India  and  Australia 
geological  times. 

Prof.  T.  Rupert  Jones  said  that  he  wished  to  expiesa  his  high  appreciation 
the  masterly  sumnuiy  of  tbe  &cts  and  theories  relaimg  to  the  wide  enlension 
the  early  Mesoioic  fauna  and  ilom  given  by  Mr.  Blanford  in  thli  paper,  and  supp 
mented  by  the  results  of  his  own  persona!  observations  on  the  GeolMV  of  Ind 
He  referi^  to  the  slill  stronger  evidence  which  the  Karoo  beds  woald  probal 
afford  when  their  reptiles  shul  have  been  all  worked  out  Their  Palieonisc 
fishes  would  form  no  exc^iou  to  (heir  Mesozoic  chaiactei,  as  PaCamucut  occuis 
the  English  Trias.  The  conglomerate  bed  at  the  base  of  the  Karoo,  (bon 
described  as  glacial  in  Natal,  presents  peculiarly  volcanic  characters  in  other  pa 
of  South  Afnca.  Referring  to  the  occurrence  of  a  Labyrinthodonl  in  Austral 
Prof.  Jones  dated  Ihe  rise  of  the  ini^uiry  into  the  extent  of  Mesozoic  land  in  t 
Southern  hemisphere  from  Prof.  Huxley's  notice  of  this  and  other  Amphibia 
and  his  own  observations  on  the  range  of  Estheria.  He  thought  that  the  Meson 
plant-bearing  and  repliliferoui  beds  of  Carolina  and  Virginia  had  very  simL 
relatiooi  to  those  mentioned  in  tbe  paper.    In  conclusion  he  rdened  to  the  nu 
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recent  glaciation  of  South  Africa  described  by  Mr.  Stow,  and  also  to  Mr.  Belt's 
popular  exposition  of  the  hypothesis  of  bipolar  glaciation,  and  suggested  that  the 
earth's  passing  through  cold  stellar  spaces  might  perhaps  be  the  real  cause  of 
glacial  epochs. 

Mr.  Drew  wished  to  know  what  were  Mr.  Blanford's  views  as  to  the  land  from 
which  the  river  came  that  deposited  the  strata  with  which  the  plant-remains  were 
associated.  With  such  great  thicknesses  as  ii,cxx>  and  15,000  feet  of  fiuviatile 
beds,  the  occurrence  of  which  implied  a  corresponding  amount  of  sinking,  there 
most,  he  thought,  at  one  time  have  been  very  nigh  land,  which  was  thus  drained 
and  denuded.     He  inquired  what  portion,  if  any,  of  this  land  now  remains. 

Mr.  Carruthers  said  he  thought  that  in  South  Africa  there  are  four  distinct  plant- 
beds,  and  that  the  base-bed  is  higher  than  the  Permian,  belonging  to  the  Jurassic 
series,  and  probably  to  the  Oolite. 

Mr.  Wocldward  was  pleased  to  find  that  the  author  had  added  further  evidence, 
derived  from  the  fossil  nora  of  the  Mesozoic  series  of  India,  in  corroboration  of  the 
views  of  Huxley,  Sclater,  and  others  as  to  the  former  existence  of  an  old  sub- 
merged continent  (*'Lemuria"),  which  Darwin's  researches  on  coral  reefs  had 
long  since  foreshadowed.  Mr.  Blanford's  observations  on  the  former  existence 
of  glaciers  at  much  lower  levels  than  the  present  snow- line  of  India  added  another 
valuable  piece  of  evidence  to  those  collected  by  Mr.  T.  Belt  in  Nicaragua  and 
elsewhere.  But  any  theory  pretending  to  account  satisfactorily  for  the  glacial 
epoch  must  not  only  explain  the  lower  level  of  former  glaciers  in  the  tropics,  but 
the  former  existence  of  a  warm,  temperate,  and  even  subtropical  fauna  and  flora 
in  high  northern  latitudes,  as  shown  oy  Heer,  McClintock,  and  others,  not  to  be 
provided  for  by  Croll's  theory  or  that  of  Balfour  Stewart,  but  by  periodic  variation 
in  the  inclination  of  the  earth's  axis,  as  suggested  by  Belt,  and  long  since  by  the 
Rev.  Prof.  Haughton  in  the  Society's  Journal. 

Mr.  Bauerman  considered  that  the  author's  conclusions  were,  in  the  main,  borae 
out  by  the  evidence  afforded  by  those  portions  of  the  Indian  coal-fields  with  which 
he  was  acquainted.  He  thought,  however,  that  there  was  a  difliculty  in  the  precise 
correlation  of  the  Coal-bearing  series  of  Western  India  with  those  of  Bengal,  owing  to 
the  absence  of  the  best  physical  horizon  in  the  Ironstone  series  in  the  western 
district  From  what  he  had  seen  of  the  Talchir  section  in  the  Nerbudda  valley, 
he  was  not  inclined  to  agree  with  the  author  as  to  their  glacial  origin  ;  but  he  was  not 
acquainted  with  the  other  section  referred  to  in  the  Godavery  valley.  lie  con- 
sidered that  the  author's  conclusion  as  to  the  age  of  the  volcanic  series  of  the 
Deccan  was  confirmed  by  the  evidence  of  rocks  of  similar  cliaracter  occurring  in 
Eastern  Africa  on  the  south  side  of  the  Gulf  of  Aden.. 

Dr.  Murie  thought  the  evidence  derived  from  the  living  forms  of  animals  was  in 
favour  of  their  migration  to  or  from  Africa  through  Arabia,  but  not  by  way  of  the 
Maldive  group. 

The  author,  in  reply,  remarked  that  the  ancient  continent  would  not  furnish 
glaciers  unless  it  was  of  very  great  height.  He  suggested  that  the  boulders  referred 
to  might  have  been  due  to  the  action  of  winter  ice. 

11. — January  13,  1875. — John  Evans,  Esq.,  F.R.S.,  President,  in 
the  Chair.     The  following  communications  were  read : — 

1.  '*0n  the  Kimmeridge  Clay  of  England."  By  the  Kev.  J.  F. 
Blake,  M.A.,  F.G.S. 

The  author  described  in  considerable  detail  the  development  of  the 
Kimmeridge  Clay  in  various  parts  of  England,  dwelling  especially  upon 
the  pala)ontological  phenomena  presented  by  it  in  the  different  locali- 
ties. He  arrived  at  the  conclusion  that  the  Kimmeridge  Clay  in  Eng- 
land is  divisible  only  into  two  sections,  Upper  and  Lower;  but  when 
it  is  preceded  by  the  Coral  Hag,  it  possesses  a  basal  series  of  no  great 
thickness,  which  may  be  designated  the  Kimmeridge  Passage-beds.  He 
compared  his  Upper  Kimmeridge  with  the  lower  part  of  the  **  Vir- 
guhen  '*  with  foreign  authors.  It  consists  of  paper  shales,  paper  slabs, 
bituminous  shales,  and  cement  stones,  with  iuterstratified  cliiy^,  uxA 
may  attain  a  thickness  ot  at  least  650  feet.     Its  fauna  is  c\i*oa:\x^t;eni' 
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by  paucity  of  species  and  great  a.bundance  or  individuals.  Tt  is  thieleat 
in  Dorsetshire  tmd  Lincolnsliire,  but  tliin  or  absuot  in  the  ioland 
countita.  The  QUthor  stated  that  no  Fuuua  comparable  with  that  <A 
the  Middle  Eimmeridge  or  "  Pt£:rocerien  "  hoa  been  discovered  in  Eng- 
land, though  Bome  of  its  less  chaxactcrietic  fossils  occur  asaociatcd  with 
Lower- Eimmtridge  forms.  The  Lon'cr  Eimmcridge  is  a  mass  of  blue 
or  sanily  clay,  with  numerous  calcareous  "doggers,"  largely  developed 
in  Lincoln  si  lire,  the  vhole  repreaenting  the  "Astarticn"  of  foreign 
geologistB.  Its  thickness  is  estimated  at  from  300  to  £00  feet  in  Bing- 
stead  Day,  and  about  400  feet  in  Lincoln ahire.  The  foaails  of  the 
Coral  Rag  extend  np  into  tha  Eimmeridge  paasage-beds,  which  are 
typically  developed  at  Weymouth,  where  they  are  about  30  feet  thick. 
Discussion. — Prof.  Seeiey  complimented  ihe  author  on  the  elaborate  palfeonlo- 
logical  ileCaiU  wbicli  he  hail  cortcla.tetl  in  liia  paper.  He  noticed  ihnt  the  Kim- 
meriiige  Clay  is  liinncsl  in  the  neichbouihood  of  Ely,  and  thickeni  lo  the  north, 
la  Lincolnshire,  and  also  southwoid,  and  thnt  this  southward  ihickcninK  is  eon- 
comitant  with  a  devclopnicnl  of  sandy  bcd^  at  the  base  uid  leu  markedly  also  at 
the  top.  As  the  Ibimation  is  tiaccd  mto  France  by  way  of  Boulogne,  the  sandj 
characters  become  more  strongly  marked,  and  erentually  the  deposit  can  no  loneet 
be  recognized  as  a  Clay,  uiough  weslnanl,  at  Havre,  It  is  as  much  a  day 
as  at  Weymouth.  He  then  called  attention  to  the  Ikcl  that  in  France 
there  is  a  large  curve  of  igneous  rocks,  roughly  parallel  to  the  present  oat- 
crop  of  the  Engli^  Secondary  strata,  portly  broken  through  by  d  mass  ol 
Palatoioic  rooks,  Kittndinj;  mirlliwani  ftom  StrisbUE);  lhr,jU!;h  litlgmiii,  and  by 
way  of  H.!! .  ■  'i  i  ■■.  ,.i  ;■  if.  i  ,  ;■  ■'.■.  ii  ■.  '■.  i  i  I.  1 1  ■  :.'!■.■  ,^  (!.:nuda- 
lionofili.  -    -  .■■;„nol 

Ihebcl,  ,,■;  in- 

telligible in  this  way, — the  Kimmendge  tlrit,  being  sandy,  resulted  trom  an  eleva- 
tion of  this  ij,Tieous  curve,  and  the  mass  of  the  Kimmeridgc  indicated  that  the  curve 
was  depressi^d  so  thai  the  sand  did  not  reach  the  British  area,  while  the  covering 
sand  shows  that  it  was  again  upheaved.  The  bottom  sand  is  in  physical  con- 
tinuity with  the  upper  Calcareous  Grit,  and  the  upper  sand  is  similarly  continuotis 
vrith  the  Portland  Sand,  so  that  he  doubted  whether  any  portion  of  the  series  is 
really  wanting  in  England. 

2.  "  Note  on  P»Iobatoehtlj/i  BUkti  and  other  Tetebrate  Fossils 
obtained  by  the  Rev.  S.  P.  Blake  from  the  Eimmeridge  Clay."  By 
Harry  Govier  Seeley,  Esq.,  F.L.8.,  P.G.S.,  ProfesBor  of  Phyaioal 
Geography  in  the  Bedford  College,  London. 

The  author  stated  the  fossils  referred  to  in  his  paper  gave  evidence 
of  three  species  of  Ichthi/Q»aurit»  (one  larger  thui  any  previously 
known  to  occur  in  the  formation),  a  Plmaurui,  a  SUneotaurtu,  a 
email  Ornithosaurian,  and  a  species  of  Chelonian,  which  he  described 
under  the  name  of  Petohaloehtlyt  BlalM.  The  remains  of  this  animal 
iudicated  a  carapace  eixteen  inches  long  by  fourteen  inohee  btvad,  and 
angularly  arched  posteriorly.  The  pygal  scute  was  dirided  as  in 
Emys,  and  the  hinder  margins  of  the  vertebral  scutes  were  elevated  as 
in  some  species  of  Balagur.  The  vertical  scutes  were  nearly  twice  as 
broad  as  long,  and  interlaced  with  each  other  by  sawlike  margins. 
The  costal  plates  were  imperfectly  ossified. 

3.  "  On  the  Cambridge  Gault  and  Greensand."  By  A.  3.  Jukes- 
Browne,  Esq.,  F.Q.S. 

This  paper  has  for  its  object  to  determine  the  true  position  of  the 
Caitibridgo  uodule-bed  in  the  Cretaceous  series,  and  to  investigate  the 
jutoTB  and  origin  of  its  peculiar  fiiuna. 
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The  first  part  of  the  paper  deals  with  the  stratigraphical  relations 
of  the  beds ;  and  the  author  calls  attention  to  the  fact  that  in  the 
numerous  artificial  sections  near  Cambridge  only  two  formations  are 
really  visible,  viz.  the  Chalk  Marl  with  a  pebble-bed  of  phosphatic 
nodules  at  the  base,  and  the  stiff  dark  clay  of  the  Gault,  upon  which 
these  rest. 

The  so-called  Greensand  or  nodule-bed  passes  up  into  the  Chalk 
Marl,  but  rests  unconformably  on  the  Gault  below,  which  presents  in 
fact  a  surface  of  erosion ;  and  there  is  therefore  a  hreak  of  indefinite 
length  between  the  Cambridge  Gault  and  Greensand. 

The  nodule-bed  continues  to  present  much  the  same  characters 
and  fossils  through  Bedfordshire  as  far  as  Sharpenhoe,  a  village  about 
three  miles  east  of  Harlington,  on  the  Midland  Railway.  Here  is 
situated  the  most  westerly  coprolite  pit  or  working  in  the  Cambridge 
bed ;  and  beyond  this  the  Gault  passes  into  Chalk  Marl  without  any 
Bach  seam  intervening. 

It  is  not  until  we  enter  Buckinghamshire  and  reach  Buckland  near 
Tringy  that  anything  like  true  Upper  Greensand  appears,  and 
separates  the  Chalk  Marl  from  the  Gault.  From  this  point  westward 
the  formation  increases  in  thickness  and  importance,  but  its  characters 
and  fossils  are  quite  difierent  from  those  of  the  Cambridge  Greensand. 

Although  in  Bucks  no  coprolites  are  found  between  the  Gault  and 
Greensand,  yet  they  occur  in  the  Gault  itself;  and  one  bed  may  be 
traced  towards  the  N.E.,  and  is  found  to  commence  where  the  Cam- 
bridge nodule-bed  ends,  thereby  raising  the  presumption  that  it 
becomes  confluent  with  that  bed,  and  has  furnished  many  of  the  weU- 
known  fossils  and  nodules  it  contains. 

A  consideration  of  these  facts  warrants  the  following  general  con- 
clusions ; — 

I.  That  the  Cambridge  Greensand  or  nodule-bed  has  no  connexion 
with  the  Upper  Greensand,  its  actual  position  being  at  the  base 
of  the  true  Chalk  Marl. 

II.  That  the  same  bed  rests  unconformably  on  the  clay  below,  and 
that  its  coprolites  and  fossils  have  been  derived  from  the  Gault. 

III.  That  in  consequence  of  this  erosion  a  great  gap  now  exists  in 
Cambridgeshire  between  the  Lower  Gault  and  the  Chalk  Marl, 
the  whole  of  the  Upper  Gault  and  Upper  Greensand  being  absent. 

The  palffiootological  evidence  leads  to  exactly  the  same  conclusions. 
The  fauna  is  divisible  into  two  groups,  and  the  fossils  belonging  to 
the  one  are  preserved  in  dark  phosphate,  and  being  generally  water- 
worn  are  clearly  derived  forms,  while  the  others  are  of  lighter  colour, 
and  belong  to  the  deposit.  The  former  group  is  chiefly  composed  of 
Gault  species,  seventy  per  cent,  of  which  belong  to  the  upper  stage 
of  that  formation ;  while  the  fossils  proper  to  the  deposit  are  also 
found  in  the  Chalk  Marl  above. 

The   author   therefore   feels  justified    in    concluding  that    strati- 

graphically  the  bed  is  Chalk  Marl,  while  palieontologically  considered 

its  fauna  is  mainly  derived  from  the  Upper  Gault. 

Discussion. — Mr.  Charlesworth  considered  that  the  vexed  question  of  the  true  re- 
lations of  the  so-called  Upper  Greensand  of  Cambridge  had  been  now  determined, 
and  that  it  must  be  regarded  as  Gault.  The  presence  of  Endogenitcs  croia  atvd  oViwet 
Wealden  forms  in  the  diQiposit  at  Potton  in  Bedfordshire,  wou\d  seem  Xo  %\\q>«  >^*"  ' 
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it  belonged  to  the  Wealden  ;  while  the  presence  of  Kimmeridge  specie*  migfat  fae 
taken  to  prove  that  it  wis  KJmmeiidgc.  With  lEgurd  to  the  so-caHed  copcaliles, 
he  icmiirked  [hat  it  was  difficult  to  aasign  Chose  ot  the  Red  Crag,  as  well  is  those 
of  Cambridge,  to  Ibeir  true  position.  He  inquired  how  did  the  phoiphitic  uudnles 
origuiate?  Some  ohserveis  maintain  that  they  are  rolled,  but  in  the  Crag  the 
■harks'  (eeth  have  nodules  attached  to  their  base,  and  these  could  not  have  been 
acted  upon  by  erosion.  He  thought  the  phosphates  were  derived  either  fioui 
decomposed  marine  vc^Iation  or  (lotn  excrements. 

Mr.  Price  remarked  that  he  had  examined  75  or  80  speciel  of  fossils  from  the 
Cambridge  depoHt  in  the  Woodwardian  Muieum,  and  (bund  Ibal  33  per  cent. 
of  them  pertained  10  the  Upper  Gault. 

Prof.  Seeley  remarked  that  when  be  commenced  the  study  of  the  queslion  dis- 
cussed in  Mr.  Jukes- Browne's  paper,  the  fossils  of  the  so-called  Cambridge  Upper 
Greensand  were  very  imperfectly  known,  aiid  Che  prevalent  belief  among  palxoo- 
Lolo^ists  was  that  the  stratum  represented  the  Gault.  As  the  collections  at 
Cambridge  were  accamulated,  and  his  acquaintance  with  English  sections  of 
similu'  deposits  was  enlarged,  he  had  enjoyed  oppOTtuniCies  of  discuasing  the 
question  with  foreign  palaranlologisCs,  and  now  believed  that  the  deposit  essen- 
tially represented  the  English  Upper  Greenland.  He  had  noticed  that  the  surface 
of  the  Gault  on  which  Ihc  Greensand  rests  is  eroded,  the  phosphatic  nodules  being 
spread  uniformly,  though  th«  Vertebrate  fossils  were  often  contained  in  hollows  of 
the  surface  of  the  Gault.  Occasionally  the  phosphatic  bed  was  covered  by  a  dis- 
coDttniious  dark-coloured  clayey  bed,  divided  from  the  Chalk  Marl  by  a  sharp 
line  of  bedding.  He  thought  that  this  band  might  result  from  denudation  of 
Gauli,  and  the  fact  that  it  did  not  interfere  with  the  continuity  of  the  bed  of 
phosphatic  nodnles  seemed  to  show  that  the  denudation  was  local  and  of  small 
extent.  The  foci  that  sand  was  superimposed  upon  clay,  necesiiarily  implied  as 
upheaval  of  the  sea-bottom,  and  therefore  the  newest-formed  beds  of  tbe  Gault 
were  sure  to  be  denuded  to  some  eiteot  in  consequence.  But  while  this  circtun- 
stance  would  explain  the  occurrence  of  a  small  per-centage  of  Gault  species,  it 
rendered  it  r.ither  improbable  thai  5.0  varied  a  fauna  should  have  been  derived 
from  a  denuded  portion  of  one  stratum.  Mr.  Seeley's  own  investigations  had  not 
led  him  to  detect  in  the  bed  any  preponderance  of  Gault  forms.  He  further  found 
that  the  remains  of  VenebraCes  in  the  Cambridge  Upper  Greensand  were  associated 
series  of  bones,  which  would  not  be  the  case  were  they  derived  fossils,  and  chat  no 
Species  of  reptile  bad  yet  been  identified  as  common  to  the  Cambridge  Greensand 
aod  the  Gault.  He  thought  that  the  thinness  of  the  Cambridge  Greensand,  as 
well  as  the  complex  nature  of  its  fauna,  was  only  to  be  understood  by  considering 
the  circumstances  of  phyucal  gec^raphy  under  which  the  deposit  originated  ;  and 
upon  this  some  light  was  thrown  by  the  thinness  of  the  Kimmeridge  Clay  in  tbe 
same  area,  and  by  the  occurrence  of  phosphatic  nodules  in  that  area  in  the  m- 
called  Neocomian  beds.  These  beds,  hke  the  Cambridge  Greensand,  contain 
fossils  derived  from  the  Carboniferous  IJmestone  and  fragments  of  Palseoioic 
rocks,  so  that  Che  phosphates  might  have  been  fijmished  to  tbe  sea  in  which  the 
deposit  was  formed  by  denudation  of  eruptive  dykes  of  apatite,  such  as  Mr.  D. 
Forbes  had  informed  him  were  to  be  met  with  traversing  Paheozoic  rocks  in 
Spain,  Norway,  and  other,  countries.  Taking  all  these  facts  into  consideration, 
he  was  inelinttl  to  heiitate  for  the  present  in  accepting  Mr.  Jukes -Brovme's 
hypothesis. 

Mr.  Forbes,  with  reference  10  Mr.  SceWs  observations,  stated  that  he  had 
found  true  eruptive  lodes  or  dykes  of  phosphate  of  lime  (phosphorite  or  apatite] 
traversing  Ihe  Silurian  and  Devonian  strata  and  granites  of  Estremadura  in  Spain 
and  Portugal,  and  often  extending  for  miles ;  and  also  others  breaking  through  the 
metamorphic  schists  of  the  south  of  Norway.  Some  years  back  he  had  explained 
the  phosphorite  in  the  deposits  of  Nassau  as  resulting  from  submarine  eruptions, 
which  brought  it  ap  and  lell  it  on  the  sea-botcom  in  Che  form  of  breccia  and  tud^ 
'  '  IS  a  volcanic  rock  would  do  under  similar  circumstances.  So  ^  as  he 
ined  the  phosphatic  nodules  of  the  Cambridge  Greensand,  however,  he 
had  not  found  that  their  mineral  structure  indicated  any  such  eruptive  origin. 

The  Rev.  T.  G.  Bonney  remarked  that  Mr.  Seeley's  observations  bore  upon 

a  large  question,  affecting  ourwhole  system  of  geological  nomenclature  raCher  than 

■k  fto  immediate  subject.     The  nomencUtuie  Dcing  as  it  was,  he  thought  Mr. 
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Browne  was  fnllj  justified  in  his  condiisioBs.  In  the  Csmbridge  deposit  we  have 
two  distinct  Cumas  ;  one,  as  sJiown  by  per-centages,  related  to  the  Chalk  Marl, 
the  other  to  the  Upper  Ganit ;  two  ccoiditions  of  mineralization ;  evidence  of 
erosion  in  the  irittnitar  junction  of  the  two  beds,  in  the  waterwom  condition 
of  many  of  the  nod^es,  in  the  hcH  that  they  had  PHeatnldt^  Tckyioti,  etc.  attached ; 
the  nodules  also  could  be  detected  in  the  Gault,  not  only  in  the  particular  seam 
which  had  been  described,  but  at  intervals  throughout  the  mass  ;  also  erratics  of 
iome  size  occurred  in  the  phosphate  bed.  These  facts,  he  thought,  proved  the 
ciitfence  of  a  break.  He  thought  that  associated  bones  were  rarer  than  Mr. 
Seeley  described  them  to  be.  It  appeired  to  him  that  some  of  the  speakers  had 
foigotten  that  the  question  of  the  origin  of  the  nodules  had  already  been  brought 
betore  the  Society  py  Mr.  Sollas  and  Mr.  Fisher,  who  have  shown  very  many  of 
them  to  be  phosphatued  f^xnges. 

Mr.  Whitaker,  from  his  experience  in  mapping  the  Geology  of  the  Cambridge 
dittrict,  came  to  the  conclusion  that  the  bed  is  really  the  baseof  the  Chalk  Mul, 
there  being  a  regular  passage  up  into  the  latter.  He  questioned  whether  the 
Upper  Greensand  is  a  separate  formation. 

Mr.  Hawkins  Johnson  said  that  the  microscopical  structure  of  the  phosphatic 
nodules  is  identical  with  that  of  septaria  from  the  London  Clay,  with  'that  of  the 
Clay-iroostone  nodules  of  Yorksnire,  and  with  that  of  some  septaria  from 
the  Kimmeiidge  Clay.  Moderately  thin  sections  subjected  to  the  action  of  dilute 
add  (even  acetic  add),  and  examined  while  moist,  show  a  structure  like 
that  of  sponge. 

The  President  remarked  that  the  difference  between  Mr.  Jukes-Browne  and 
Mr.  Seeley  ap)peared  to  be  on  a  question  of  fact.  He  remarked  upon  the  dif- 
ficulty of  distinguishing  between  the  Chalk  and  the  Upper  Greensand. 

The  Author,  in  reply,  said  that  he  was  only  concerned  with  the  question  of 
where  the  coprolites  had  come  from,  and  not  that  of  how  they  originatwl ;  he  had 
not  therefore  touched  upon  the  formation  of  phosphatic  nodules.  He  thought 
Mr.  Seeley  had  admitted  some  of  the  most  important  points  of  his  paper,  >'iz.  the 
eroded  surface  of  the  Gault,  the  confluence  of  the  Cambridge  nodule-b^  with 
that  of  the  Gault,  and  the  consequent  derivation  of  many  of  its  fossils.  He  must, 
however,  maintain  that  there  was  a  complete  passage  between  the  Greensand  and 
the  Marl  above,  and  no  trace  of  a  second  line  of  erosion,  as  Mr.  Seeley  appeared 
to  think.  With  regard  to  the  vertebrate  remains,  those  preserved  in  dark  phos- 
phate were  always  worn  and  rolled,  while  the  associated  bones  Mr.  Seeley  spoke 
of  were  light  in  colour,  and  undoubtedly  belonged  to  the  formation  itself,  />.  to 
the  base  of  the  Chalk  Marl.  Lastly,  the  lists  and  per-centages  contained  in  the 
paper  would  show  whether  or  not  there  was  a  preponderance  of  Gault  forms 
in  the  deposit,  and  the  author  was  quite  prepared  to  abide  by  observed  facts  and 
palaeontologicsd  results. 


ON  THE  CRETACEOUS  APORRHAID^, 

8iB, — In  the  February  Number,  your  contributor,  Mr.  J.  Starkie 
Gardner,  writing  on  AporrhaU  reiusa.  Sow.,  says,  "  I  cannot  find  the 
type  or  any  specimea  from  Blackdown,  and  there  is  a  doubt  whether 
the  same  s|)ecies  is  intended.''  It  is  curious  that  he  should  api)ar- 
ently  not  have  read  page  239  of  Fitton's  memoir,  where  it  is  stated 
that  his  types  belonged  to  the  Bristol  Institution,  and  are  "  now 
in  the  Museum  of  that  establishment."  (See  also  Proc.  Bristol 
Naturalists*  Soc.,  viL  pt.  2,  p.  41.)  In  the  Catalogue  of  Blackdown 
Fossils,  pp.  239-242,  Fitton  is  very  careful  to  indicate  against  each 
species  the  collection  in  which  the  specimens  may  bo  found.  Your 
contributor  also  >vTites,  **  Should  the  Blackdown  form  prove  distinct, 
Deshayes's  name  of  bicarinata  miu»t  be  adopted  fox  it,"     \{^  ^oviiii 
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daim  priority  for  {he  Blackdown  hrpe ;  md  in  one  of  mm-idtofity, 
it  is  the  Qsmt  form  rather  to  wfaibh  the  French  anthor^t  name  may 
be  apportioned.  Howeyer,  I  ha^e  little  doubt  bnfc  that  fbey  are  one 
and  tihe  same  apeoiea.  The  aingle  apedman,  imperfeofc  aa  to  the 
digits,  from  whidi  J.  Sowerby  draw  up  his  description,  aeraia  to  me 
to  agree  precisely  with  the  FoUceatone  forma,  ezoept  that  the  keela 
are  a  little  less  pronomiced;  but  this  ia  eridently  due  to  the  somewhat 
toned-down  state  of  the  spectmen ;  there  are  aoTen  to  Mriit  threads 
above  the  keel,  and  four  between  the  keda,  of  which  the  two 
central  are  a  little  slit>nger  than  the  remaining  twa  The  anrfecei 
instead  of  being  "  particularly  smooth/'  aa  Sowerby  am,  I  ahoold 
describe  as  showing  traces  of  oblique  cross  lines,  whioh  naye  become 
very  obscure  through  abrasion.  I  regret  that  I  am  unable  to  com- 
pare it  with  the  foreign  descriptions,  but  the  Museum  ia  quite 
without  the  necessary  books. 

BusTOL  MunuK,  E.  &  Tawvxt. 

February  ISM,  1S76» 


DEEP  BOBIKG  IN  PRUSSIA. 


Sir, — ^The  experimental  boring  at  Sperenberg  baring  repealed  the 
existence  of  a  deposit  of  rock-ealty  greatly  exceeding  that  of  any 
preriously  known,  I  send  you  some  fhrtlier  details,  f^  which  I  am 

aguin  indebted  to  ProfeBsor  A.  Ton  Koenen,  of  Marburg. 

The  boring  was  begun  in  gypsum,  probably  belonging  to  the  Mus- 
chelkalk.  As  the  boring  proceeded,  the  gypsum  was  found  to  become 
gradually  mixed  with  Anhydrite,  and  then  to  pass  into  pure  Anhydrite. 

Still  lower,  a  little  rock-salt  was  met  with  ;  and  afterwards  at  88*8 
metres  (291 J  English  feet)  pure  rock-salt,  in  which  the  boring 
continued  down  to  1271*63  metres  (4171  English  feet) ;  no  other  rocks 
besides  gypsum  and  salt  having  been  met  with. 

Two  other  borings,  at  some  distance  from  tbe  first,  have  reached  the 
rock-salt  at  120*6  and  11^*8  metres  respectively,  or  at  d95|  and  380 
English  feet. 

Prof,  von  Kocnen  recommends  English  geologists,  who  take  an 
interest  in  the  subject  of  the  increase  of  the  Earth's  temperature  in 
proportion  to  depth,  to  consult  the  papers  of  Obergruth  Dunker  in  that 
volume  of  the  "Zeitschrift  fur  das  Berg-  Hiitten-  und  Salinen-Wisen 
in  dem  Preussischen  Staate,"  which  contains  an  account  of  the  boring, 
viz.  vol.  XX.  (1872). 

The  reduction  of  Prussian  into  English  feet  being  incorrect  in  my 
former  letter,  I  avail  myself  of  this  opportunity  of  rectifying  the 
mistake:  85,  100,  363^,  956,  3095,  and  4051*6  Prussian  feet  are 
equal  to  87^,  103,  374,  9835,  3184|,  and  4172^  English  feet 
respectively. 

The  average  cost  of  sinking,  therefore,  amounted  to  about  £2.  1«.  ^d, 
per  foot  English. 

28,  Jermyn  Stmbt,  H.  W.  Beistow. 

February  y  1875. 
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MB.  CROLL  ON  THE  OSCILLATIONS  OF  THE  SEA-LEVEL  DUE  TO 
THE  ADVANCE  AND  RETREAT  OF  THE  ICE  CAP. 

SiK, — ^In  my  recently  published  book  on  "  Valleys  and  their  Eela- 
tions  to  Fissures,  Fractures,  and  Faults,"  in  a  foot-note  on  page  182, 
I  refer  to  Mr.  Croll's  paper  "  On  the  Glacial  Epoch  "  [Gkol.  Mao. 
July  and  August,  1874],  and  point  out  that  the  oscillations  in  the 
sea-leyel  "  will  account  for  the  very  uniform  altitude  of  the  ancient 
sea-beaches."  As  this  note  was  added  at  the  last  moment,  just 
previous  to  the  book  issuing  from  the  press,  it  necessarily  is  not  so 
explicit  as  it  might  be,  and  I  find  it  has  been  taken  exception  to. 
Will  you  therefore  allow  me,  through  the  medium  of  the  Gbol.  Mao., 
to  supplement  the  note  ? 

Although  I  believe  Mr.  Croll's  theory  to  be  oorrect,  and  that  the 
sea  in  general  rose  and  fell  while  the  land  for  the  most  part  re- 
mained comparatively  stationary,  yet  I  do  not  for  a  moment  imagine 
that  there  were  no  oscillations  of  the  land.  On  the  contrary,  such 
movements  are  proved  in  Ireland,  as  I  have  shown  in  different  papers 
on  its  geology.  Take,  for  instance,  the  margin  and  gravels  of  the 
"  Esker  Sea,"  which  in  some  districts  are  at  higher  altitudes  than  in 
others.  There  are  also  the  post-Drift  faults,  some  being  more 
recent  than  our  newest  Drift,  which  could  not  possibly  have  been 
formed  without  greater  or  less  changes  in  the  level  of  the  land. 
Such  changes  in  the  level  of  the  land  do  not  seem  to  be  denied  by 
Mr.  Croll,  neither  to  me  do  they  appear  to  affect  his  theory ;  as  they, 
with  a  few  exceptions,  are  mere  bagatelles  compared  with  the 
universal  oscillations  in  the  sea-level. 

G.  H.  KiNAHAN. 


Phtixtps's  Geology  of  YoRKsntRE. — Subscribers  to  the  new  edition 
of  the  late  Professor  Phillips's  ** Geology  of  Yorksliire,"  Part  1,  "The 
Yorkshire  Coast,'*  will  be  glad  to  hear  that  it  has  been  placed  in  the 
hands  of  Mr.  Robert  Etberidge,  F.R.S.,  F.G.S.,  and  is  now  nearly  com- 
pleted ;  the  last  proof-sheets  having  been  revised  and  the  new  map  and 
plates  nearly  all  coloured.  It  is  hoped  that  by  April  the  Professor's 
earliest  and  latest  work  will  be  issued. 

The  Busn  Meteorite. — Apropos  of  the  **  Chapter  in  the  History  of 
Meteorites  "  now  appearing  in  this  Magazine,  Dr.  Flight  desires  us  to 
state  that,  since  the  publication  of  the  January  Number,  he  has  ascer- 
tained that  a  preliminary  note  on  the  Calcium  Sulphide  of  the  Busti 
aerolite,  mentioned  on  page  16,  was  published  in  the  Brit,  Assoc, 
Reports,  1862,  **  Notes  and  Abstracts,"  Appendix  ii.,  page  190. — 
Edit.  Geol.  Mag. 

Volcanic  Eruption  in  Java. — "  The  Hague,  Feb.  3,  1875. — The 
Government  has  received  a  despatch  from  Batavia,  of  to-day's  date, 
announcing  an  eruption  of  the  volcano  Kloet,  in  the  island  of  Java, 
whereby  great  destruction  has  been  caused  at  Blitar." 


SIR     CHARLES      LYELL,     BART., 

On  Monday,  22nd  February,  at  his  residence  in  Harley 
Sti-eet,  and  in  his  seventy-oigbth  year,  Sir  Charles  Lyull  paaaed 
peacefully  from  amongst  us,  after  it  long  lifo  of  scientific  labour, 
to  his  honoured  rest. 

To  the  ouUide  world  it  may  Bcem  strange  that  the  death  of 
a  man  vrho  waa  neither  etal«Bman,  soldier,  nor  publio  orator, 
should  arouse  our  sympathies  so  strongly,  or  that  he  should  be 
BO  bighly  esteemed  all  over  the  world;  but  geologists  know 
well  what  Lyell  ban  done  for  them  since  be  published  the  first 
volume  of -The  Principles  of  Geology  "  in  1830. 

It  ia  in  the  character  of  historian  and  philosophical  expo- 
nent of  geological  thought  that  Lyell  has  achieved  ao  much 
for  our  science ;  nor  can  we  fail  to  remember  that  those  clear 
and  ftdvanoed  ^ews,  for  which  ho  became  so  justly  celebrated, 
were  advocated  by  him  forty-five  years  ago,  at  a  time  when 
Bciontific  thought  was  still  greatly  trammeU'ed  by  a  strong 
religious  bias,  and  men  did  not  dare  to  openly  avow  their  belief 
in  geological  discoveries  nor  accept  the  only  deductions  which  < 
could  be  drawn  from  them. 

It  was  no  small  service  which  Lyell  rendered  to  us  when  he 
publicly  maintained  that,  in  reasoning  on  geological  data,  it 
was  irapoasible  to  restrict  geologists  to  the  limits  of  the  Mosaic 
cosmogony,  or  to  adopt  for  the  past  ages  of  geological  time 
the  chronology  of  Archdeacon  Ussber. 

Bom  at  Kinnordy,  his  father's  seat  near  Kerriemuir,  in 
Forfarshire,  on  the  14th  of  November,  1797,  Lyell  received 
his  early  education  at  a  private  school  at  Midhurst,  and  com- 
pleted it  at  Exeter  College,  Oxford,  where  he  took  his 
bachelor's  degree  in  1S19,  obtaining  a  second-class  in  Classical 
honours  in  the  Easter  Term.  On  leaving  the  University,  he 
studied  for  the  Bar,  but  never  practised  that  profession,  his  tastes 
having  been  led  by  Dr.  Buokland'a  lectures  to  the  study  of 
Geologj-  as  a  science.  In  1824  he  was  elected  an  Honorary 
Secretary  of  the  Geological  Society  of  London,  of  which  he 
was  one  of  the  earliest  FellowB.  On  the  opening  of  King's 
College,  London,  a  few  years  later,  he  was  appointed  its  first 
I'rofessor  of  Geology.  He  had  already  contributed  some  im- 
portant papers  to  the  "  Transactions"  of  the  Geological  Society, 
including  one  "OnaEecentFonnation  of  Freshwater  Limestone 
iu  Forfarsbire,  and  on  some  Eecent  Deposits  of  Freshwater 
Marl,  with  a  compaiison  of  recent  with  ancient  Freshwater 
Fornjations,  and  an  Appendix  on  Gyrogonites,  or  Seeil  Vessel 
of  Chara ;"  also  one  "  On  the  Strata  of  the  Plasiic  Clay  For- 
mation  eihibited  in   the   Cliffs  between  Christchurch  Head, 
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Hampsbire,  and  Studland  Bay,  Dorsetshire ;"  another  ''  On  the 
I  Freshwater  Strata  of  Hordwell  Cliff,  Beacon  Cliff,  and  Barton 
Cliff,  Hampshire;"  and  an  elaborate  paper  on  the  ''Belgian 
Tertiaries."  In  1827  he  contributed  to  the  Quarterly  a 
review  of  Mr.  Ponlett  Scrope's  "  Geology  of  Central  France" 
(the  perusal  of  which  is  said  first  to  have  stimulated  him  to 
prepare  and  publish  "The  Principles  of  Geology"  on  which 
his  reputation  as  a  philosophical  writer  mainly  rests).  These 
lesser  works  all  showed  a  power  of  observation  and  of  general- 
ization which  prepared  the  learned  world  for  some  greater  and 
more  important  treatise  from  his  pen,  which  should  deal,  not 
with  local  details,  but  with  the  general  principles  of  the 
science.  Nor  were  they  disappointed  when  his  magnum  optw, 
"The  Principles  of  Greology,"  appeared  in  three  successive 
instalments,  published  respectively  in  1830,  1832,  and  1833. 
The  work,  subsequently  enlarged  into  two  volumes,  has  passed 
through  numerous  editions,  and  is  still  in  as  much  demand  as 
ever  among  students  of  the  science.  The  work  was  subse- 
quently divided  into  two  parts,  which  have  been  published  as 
distinct  books  —  viz.  "The  Principles  of  Gkology,  or  the 
Modem  Changes  of  the  Earth  and  its  Inhabitants,  as  illus- 
trative of  Geology,"  and  secondly,  "  The  Elements  of  Geology, 
or  the  Ancient  Changes  of  the  Earth  and  its  Inhabitants,  as 
illustrated  by  its  Geological  Monuments."  The  substance  of 
the  last-named  work  has  also  been  published  imder  the  title  of 
"  The  Manual  of  Elementary  Geology,"  a  French  translation 
of  which  was  issued  under  the  auspices  of  the  famous  Arago. 

Already,  some  time  previous  to  the  publication  of  this  work, 
Mr.  Lyell  had  been  chosen  a  Vice-President  of  the  Geological 
Society ;  and  in  1828  he  had  undertaken  a  journey  into  the 
volcanic  regions  of  Central  France,  visiting  Auvergne,  Cantal, 
and  Velay,  and  continuing  his  journey  to  Italy  and  Sicily.  He 
published  the  results  of  this  expedition  in  the  "  Edinburgh 
Philosophical  Transactions,"  and  also  in   the  "  Annales   des 

Sciences  Naturelles." 

It  was,  however,  the  puhlication  of  his  "  Principles  of  Geology'*  that  gave 
him  that  established  reputation  which  he  ever  since  continued  to  enjoy. 
"Which  of  ns,"  asked  Prof.  Huxley,  in  his  Anniversary  Address  to  the 


Geolog^ical  Society  in  1869,  "  has  not  thumbed  every  pa^e  of  the  *  I*rinciples 
of  Geology '  ?  "  And  he  adds,  "  I  think  that  he  who  writes  fairly  the  history 
of  his  own  progress  in  geoloerical  thought  will  not  easily  be  able  to  separate 
his  debt  to  Hut  ton  from  his  obligations  to  Lyell."  This  cordial  testimony  of 
a  fellow-labourer  in  the  cause  of  scientific  enlightenment  exactly  indicates 
Sir  Charles  Lyell's  place  in  the  histor}'  of  that  task.  He  was  a  man  of 
Bingularly  open  mind,  one  of  those  who  stand  above  their  contcmponirics 
and  hail  the  dawn  of  new  truths  upon  the  world.  His  own  works  mark  the 
progress  of  his  own  as  well  as  of  the  public  opinion  on  the  great  problems 
rair^ed  bv  scientific  discovery,  and  he  remained  to  the  end  of  his  lite  alwavs 
ready  for  the  reception  of  new  facts,  and  for  the  corresponding  modifications 
of  opinion. 

Sir  Charles  Lyell  married,  in  1832,  Mary  Elizabeth,  eldest  daughter  of  the 
late  Mr.  Leonard  Homer,  but  was  left  a  \vidower  in  1873. 

Sir  Charles  Lyell  had  travelled  and  seen  much.   Thus  in  eatVy  mai^ocAVft 


\ 


144  ONtiuuy—Bir  Ohartn  LgM. 


explored  mmj  perti  of  Norwij|  Sweden,  Belghnn,  Switwriendt  GermuLyi 
end  Spun,  including  the  Toloenio  rwiooe  of  Oetelgnie,  Li  1886  Ike  vidtod 
tiie  Danirii  Ishmde  en  Beeland  and  luiien|  to  **«"m>^  liieir  CSreteoeocu  end 
Tertiazy  strata.  In  1841  he  wae  induoea  to  eroei  the  Atiantie,  partly  in 
order  to  deliTer  a  oouee  of  leetoxes  on  hie  laroarite  eeieiee  at  Bo&on,  and 
paztlT  in  order  to  make  obaenratiooB  on  tiie  stmotare  and  formation  of 
the  Tnmsatlantie  Continent.  He  remained  in  the  United  States  for  a  yeer, 
traTelling  o?er  tiie  Northern  and  Central  States,  and  extending  his  jonmef 
as  far  southward  as  Carolina,  and  northward  to  Canada  and  Nota  Scotia,  hie 
exploration  ranging  from  the  beein  of  the  St  Lawrence  to  the  months  of  the 
MiflsissippL  (m  retnming  from  this  jonrner,  he  published  hie  <*  TniTels  in 
North  America,"  a  work  of  considerable  interest  to  other  persons  besidee 
ffeologists,  and  showing  that  he  ooold  extend  his  obssrrations  to  the  starati- 
neation  of  societj  aroond  him  ae  wdl  as  that  of  the  earth  beneath  his  feet. 
He  paid  a  aecond  nsit  to  America  in  184A,  when  he  doeely  examined  the 
geological  formation  of  tiie  Sonthem  Statea  end  the  coasts  that  border  on 
the  Atlantic  and  the  Gnlf  of  Mexico,  and  more  e^eeiallj  the  great  sonken 
area  of  New  Madrid,  which  had  been  dcTastated  by  an  earthquake  30  or  40 
years  prerioosly.  Upon  reaching  ]&kgland,  he  published  his  '*  Second  Visit 
to  the  United  States,"  a  companion  to  his  former  work.  For  his  other 
scientific  pspers  we  must  refer  our  readers  to  the  "  Fkooeedings "  of  the 
Geological  Society,  1846-49,  and  its  <'  Transactions.*' 

Late  in  life,  about  10  or  12  yeers  ago^  Sir  Charles  Lyell  published  another 
Tery  important  work  on  *'The  Antiquity  of  Man,"  aummaxising  and  dis- 
onssing  all  the  inmortant  faets  aoonmulated  i)p  to  that  time  in  &Tour  of  the 
high  antiquity  ox  the  hnman  race,  Tiewed  from  &e  standpoints  of  the 
archeeologist,  the  geologist,  and  the  phfloloeist 

Numerous  honours  were  conferred  on  Lydl  in  reoognitiQn  of  his  senrices  to 
Science.  As  far  back  as  1886  he  was  eleeted  to  the  Presidential  Chair  of  the 
Greological  Society,  to  which  he  was  re-elected  in  1860.  He  receiTed  from 
Her  Majesty  the  nonour  of  knighthood  in  1848,  and  in  1855  the  honorary 
dcCTce  of  D.C.L.  of  the  University  of  Oxford  was  conferred  upon  him.  lie 
had  been  for  many  years  a  Fellow  of  the  Royal  Society,  and  in  1833  re- 
ceived one  of  the  Royal  Society's  Gold  Medals  for  his  "  Principles  of  Geoloey." 
In  1858  the  Royal  Society  conferred  upon  him  the  highest  honour  at  their 
disposal— the  Cople]^  Medal;  and  in  1864-5  he  filled  the  Presidential  Chair 
of  the  British  Association  for  the  Advancement  of  Science.  He  received  the 
Wollaston  Gold  Medal  from  the  Geological  Society  of  London  in  1865  (his 
continued  official  connexion  with  which  had  precluded  his  receiving  it  earlier). 
He  was  raised  in  1864,  on  the  recommendation  of  the  then  Prime  Minister, 
Lord  Palmcrston,  to  a  Baronetcy,  which  now  becomes  extinct  by  his  decease. 
Ho  was  a  Deputy-Lieutenant  for  his  native  county  of  Forfarshire. 

Sir  Charles  Lyell  has  been  so  long  and  so  honourably  known  among  the 
scientific  teachers  of  the  time,  that  though  he  had  arrived  at  his  seventy- 
eighth  year,  and  the  period  of  his  chief  intellectual  and  physical  activity  had 
long  passed  away,  probably  even  the  younger  men  of  the  present  generation 
will  feel  that  science  is  poorer  by  his  loss. 

At  the  meeting  of  the  Geological  Society  of  London,  held  in  the  Society's 
room,  Burlineton  House,  Piccadilly,  on  Wednesday  last  (February  24th),  the 
President,  John  Evans,  Esq.,  F.R.S.,  before  commencing  the  busmess  of  the 
meeting,  alluded  to  the  great  loss  which  all  present  had  sustained.  He  little 
expected,  when  speaking  on  the  last  occasion,  at  the  Anniversary  Meeting,  of 
the  services  which  Sir  Charles  Lyell  had  rendered  to  science  for  the  previous 
fifty  years,  that  he  should  have  on  the  present  occasion  to  announce  and 
lament  his  irreparable  loss.  Sir  Charles  Lyell  had  been  a  true  philosopher 
and  a  sincere  fnend.  He  had  lived  to  see  the  extension  of  science  which  he 
had  so  eagerly  desired  realized.  In  future  times,  wherever  the  name  of  Lyell 
would  bo  known,  it  would  be  as  that  of  the  ^eatest,  the  most  philosophical, 
the  most  enlightened  geologist  of  Great  Britain  or  Europe. 

In  accordance  with  the  wish  of  the  Council  of  the  Royal  Society,  Sir 
Charles  Lvell  will  rest  beside  his  old  friend  and  fellow-labourer  in  science, 
Bir  John,  ilerschel,  in  Westminster  Abbey. 
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L — CoMTBIBUnOKB   TO   THI   StUDT  OF  VOLOANOS.* 

By  J.  W.  JuDD,  F.G.S. 

The  Lipabi  Islands. — Stbomboli. 

(PLATE  VIII.) 

as  it  does  tlie  only  example  of  a  voloanoin  the  phase 
of  permanent  moderate  aotivity  to  be  found  in  Europe,  Stromboli 
miiBt  always  have  the  strongest  claims  on  the  attention  of  geologists. 
Here  may  at  all  times  be  witnessed,  in  perfect  security,  those  ezplo- 
sioiiB  produced  by  the  disengagement  of  vapour  in  the  midst  of 
muses  of  liquefied  rock,  which,  following  one  another  at  longer 
or  shorter  intervals,  and  taking  place  with  greater  or  less  violence, 
constitute  a  most  striking  feature  in  nearly  all  volcanic  eruptions ; 
and  the  causes,  sequence  and  attendant  phenomena  of  these  outbursts 
can  in  the  case  of  this  volcano  be  most  conveniently  studied. 

As  might  be  anticipated  from  the  less  striking  character  of  its 
action,  Stromboli  is  less  frequently  mentioned  by  ancient  writers 
than  Vulcano;  yet,  as  early  as  the  fourth  century  before  Christ,  it 
is  spoken  of  as  being  in  a  state  of  eruption,  and  references  to  it 
oocnr  in  the  writings  of  Aristotle,  Callias,  Diodorus  Siculus,  Strabo 
and  Cornelius  Severus.  Most  interesting  to  the  geologist,  however, 
is  the  notice  of  the  mountain  by  Pliny,  who  in  the  first  century 
of  onr  era  describes  it  in  terms  which  are  still  applicable  to  it  at 
the  present  day. 

Bat  if  the  ancient  accounts  of  this  volcano  are  somewhat  meagre, 
we  are  nevertheless  fortunate  in  possessing  the  means  of  ti*acing 
veiy  completely  its  history  in  modern  times ;  during  the  last  one 
hondred  years  numerous  sagacious  and  trustworthy  observers  have 
visited  the  volcano,  and  given  clear  and  accurate  accounts  of  its 
condition.  Their  descriptions  enable  us  to  define  the  true  character 
of  the  operations  going  on  within  its  crater,  to  determine  how  far 
these  operations  are  constant  in  their  action,  and  to  ascertain  the 
limits  of  variation  in  the  intensity,  succession  and  results  of  its 
oatbursts. 

The  general  characters  of  the  phenomena  presented  by  Stromboli 
— "  the  lighthouse  of  the  MediteiTanean  " — are  well  known  to  be  as 
follows.  The  mountain,  wliich  is  of  conical  form,  rises  directly 
from  the  deep  waters  of  the  Mediterranean  to  the  height  of  more  than 
3000  feet  above  its  surface  ;  as  the  sea  between  the  Li  par  is  affords 

^  Continued  {rom  page  1 1  o. 
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ji  of  from  300  to  700  fathonia,  we  must  remember  that  tiie 
1  ielaadE  aro  only  the  apper  portious  of  great  volcanic  cones  ; 
•t  leoKt  ono-half  of  the  height  of  these,  aud  by  far  the  greater  part 
of  their  bulk  being  concealed  beneath  the  waves.  Slrotuboli  ia 
completely  made  np  of  volcanio  materialB.  aud  preeenta,  not  only 
aome  ohscure  traces  of  a  greatly  ruined  crater  at  its  summit,  but 
uameroiis  indications,  In  craters  and  lava-streams,  of  lateral  outbursts 
on  ita  flanks.  But  the  most  striking  mid  interesting  feature  about 
the  mountain  is  that  on  its  north-westem  side  there  exists  a  crater 
in  a  state  of  constant  activity,  which,  besides  giving  off  vapours  and 
ffaaes, — either  in  explosive  puffs,  in  continuous  blasts,  or  in  quietly 
uauing  wreaths, — discharges  at  more  or  less  regular  intervals  showers 
of  soori^  and  volcanic  ashes.  Oocasionally.  also,  small  streams  of 
lava  flow  from  the  crater  itself  or  at  some  lower  point  on  the  moun- 
tain; abd  that  a  reservoir  of  incaodescont  material  exists  within  the 
omter,  is  proved  by  the  fact  that,  at  night,  the  clouds  of  \-apour  and 
dost  above  the  moimtain  reflect  a  fiery  glow,  either  at  the  momeut 
of  die  explosion  and  for  a  short  interval  afterwards,  or,  during  times 
of  more  intense  activity,  almost  continuously. 

With  regard  to  the  position  and  relations  of  the  several  parts 
of  the  mountain,  we  have  numerous  measurements  of  accurate 
observers  to  guide  us;  and  the  recently  published  map  of  the 
Italian  Government  enables  us  to  verify  their  various  barome- 
trical and  other  defenninalious.  Tliu  attiva  crater  of  Slromboli 
(Crat^re  la  FoBsa)  is  situated  rather  more  than  600  feet  below  the 
summit  of  the  mountain,  that  is,  at  a  height  of  considerably  more 
than  2000  feet  above  the  level  of  the  Mediterranean.  The  diameter 
of  the  ci'ater  is  about  400  feet,  and  its  bottom,  which  is  several 
hundred  feet  below  the  rim  on  its  southern  or  landward  side,  ap- 
pears to  be  bonnded  by  a  crater-wall  of  bat  little  elevation  towards 
the  sea.  From  this  depressed  portion  of  the  crater-rim  a  long  slope, 
called  the  Sciarra  del  iSiooo,  leads  down  to  the  sea,  with  so  steep  an 
incline  (35°)  that  all  materials  ejected  fi-om  the  crater  are  unable  to 
rest  upon  it,  but  roll  down  into  the  sea.  The  Sciarra  of  Stromboli 
constitutes  one  of  the  most  striking  features  of  the  mountain ;  its 
length  from  the  crater  to  the  sea>level  is  more  than  1200  ][^rds,  and 
the  breadth  of  its  seaward  edge  is  about  1000  yards,  l^e  walls 
bounding  the  inclined  plane  of  the  Sdarra,  and  which  gradually 
oonvei^  towards  the  crater,  are  steep  clifis,  seen  to  be  composed 
of  lava-streams,  a^lomerates,  and  dykes,  presenting  their  ttsual 
relations  with  one  another ;  indeed,  the  whole  may  be  regarded  as  a 
miniature  representative  of  the  grand  Val  del  Bove  of  £tna.  Ita 
general  appearance  is  well  seen  in  the  view  (copied  from  Abich) 

S'ven  ae  an  illustration  to  Mr.  Soi'ope'B  paper  in  the  Volume  of  this 
AOAziNE  for  1874:,  page  532.  Oa  the  slope  of  the  Soiarra  may 
be  observed  several  well-marked  ridges  of  lava,  which  are  either 
lava-stroams  that  have  flowed  down  it,  or  great  dykes,  formed  by 
lava  rising  through  fissures  which  have  been  produced  in  it  during 
paroxysmal  eruptions.  We  may  remark  that  the  Italian  word 
''Sciarra  "  aeems  to  be  derived  from  the  same  root  as  our  northern 
•m  "Soaur,"  And  to  hare  nearly  ihe  aamft  wf^^isBnoe.    Having 
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thus  briefly  noticed  the  salient  features  presented  by  Stromboli, 
the  reader  will'  have  less  difficulty  in  following  the  descriptions 
of  the  state  of  the  volcano  at  different  periods  as  borne  witness  to 
by  various  observers. 

About  the  year  1744,  according  to  an  account  received  by  Spallan- 
zani,  the  volcano  threw  out  such  an  enormous  quantity  of  scorisB  as 
to  cause  a  ''  dry  place  in  the  sea,"  which  remained  for  some  months 
as  a  hill  rising  above  the  waters,  and  then  gradually  disappe€Lred. 
The  probable  interpretation  of  this  is  that,  during  a  more  than 
usually  violent  paroxysm  of  the  volcano,  a  lateral  cone  was  formed 
on  the  submerged  flanks  of  the  mountain,  and,  rising  above  the  sea- 
level,  was  gradually  destroyed  by  the  action  of  the  waves,  in  the 
same  manner  as  in  the  well-known  case  of  Graham's  Isle. 

In  1768,  that  able  observer  of  volcanic  phenomena,  Sir  William 
Hamilton,  returning  from  a  visit  to  Etna,  was  becalmed  for  three 
days  among  the  Lipari  Islands.  Hamilton,  at  this  time,  not  only 
saw  the  usual  explosions  of  red-hot  stones,  but  noticed  that  ''  some 
small  streams  of  lava  issued  from  its  side,  and  flowed  into  the  sea." 
A  drawing  by  Signer  Fabris,  who  accompanied  Sir  William  Hamil- 
ton on  this  occasion,  shows  that,  not  only  was  the  crater  at  this  time 
in  a  state  of  rather  violent  activity,  but  tliat  two  lateral  outbursts 
were  taking  place  low  down  on  the  south-western  flank  of  the 
mountain,  not  far  from  the  hamlet  of  Ginostra.  A  copy  of  this 
drawing  of  Stromboli,  made  in  1768,  is  given  in  Plate  VIII. 

In  1770,  according  to  Brydone,  the  volcano  was  more  than  usually 
active,  and  a  submarine  eruption  took  place  near  it.  This  author 
correctly  describes  the  crater  as  situated  at  200  yards  below  the 
summit  of  the  moimtain,  but  declares  that  while  its  action  sometimes 
resembled  that  of  Vesuvius  (then  in  a  state  of  moderate  activity), 
**  the  explosions  of  which  succeed  one  another  with  some  degree  of 
regularity,  and  have  no  great  variety  of  duration,"  yet,  at  times,  "  a 
clear  flame  issues  from  the  crater  of  the  mountain,  and  continues  to 
blaze,  without  interruption,  for  near  the  space  of  half  an  hour."  Bry- 
done had  never  seen  a  similar  illumination  of  Vesuvius,  except  when 
the  lava  had  risen  to  the  summit  of  the  mountain.  In  the  descrip- 
tions of  Brydone,  then,  we  have  evidence  that  in  Stromboli  and 
Vesuvius  the  usual  features  of  their  action  were  temporarily  I'evei'sed : 
the  former  was  passing  through  a  violent  paroxysm,  while  the  latter 
exhibited  a  succession  of  subdued  and  almost  rhythmical  explosions. 
This  is  a  most  significant  circumstance,  and  one  which  affords  a 
complete  refutation  of  the  view  that  a  fundamental  difference  exists 
between  the  nature,  modes  of  action,  and  causes  of  the  phenomena 
presented  by  these  two  volcanos. 

Between  the  years  1766  and  1781,  Dolomieu  was  twice  in  the 
vicinity  of  Stromboli  during  a  time  of  sudden  storm.  He  then  saw 
the  volcano  making  rapid  explosions  at  intervals  of  two  or  tliree 
minutes,  and  throwing  out  stones,  which  fell  into  the  sea  at  a  dis- 
tance of  more  than  200  feet,  while  the  glow  of  light  above  the  crater 
was  very  brilliant,  and  continued  incessantly. 

Very  striking;  however,  were  the  differences  in  the  state  o^  V)afi 
Tolcano  which  were  noticed  by  the  same  distinguished  obaervex  ^\i«i 
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in  the  oalm  and  sultry  weatlier  of  Jnlr,  1771,  ha  vUted  fha  Idand, 
and  afioended  to  the  crater.  Hen  the  alii^t  (geotkme  of  atoneiy 
wbioh  never  rose  more  than  100  feet  above  the  enter,  while  Tezy 
few  of  them  fell  ontside  its  rim«  took  place  at  regular  interrala  of 
seven  or  eight  minutes ;  and  the  glow  of  light  above  the  crater  was 
seen  only  at  the  moment  of  the  explosion,  or  fer  a  few  aeoonds 
afterwards. 

In  Angost,  1788,  Spallanami  saw  ''the  firas  of  StromboU"  at  a 
distanoe  of  100  mUes,  the  explosions  at  that  time  taking  place  at 
very  irregular  intervals.  On  the  1st  and  2nd  of  Ootdber,  in  the 
same  year,  daring  very  stormy  weather,  he  fonnd  the  eroptioDS  of 
the  momitain  w^re  so  violent,  that  the  whole  island  and  the  sea 
around  were  lighted  np  at  times  W  them ;  the  booses  were  shaken 
by  thd  violent  concussions  of  the  anr;  and  ashes  fell  in  the  inhabited 
parts  of  the  island,  two  miles  distent  from  the  crater.  Yet  the 
islanders  assured  Spallansani  that  much  more  violent  ontborste 
sometimes  took  place.  Onihe  Srd  of  October,  when  the  weather  fell 
calm,  much  slighter  explosions  were  seen  to  take  plaoe  at  intervals 
of  not  more  than  two  or  three  minutea.  On  the  nij^t  of  the  4th, 
when  Spallanzani  visited  the  crater,  the  ejections  were  foond  taking 
place  in  the  same  rapid  manner,  but  with  very  vaiyinij^  degrees  of 
intensity.  The  account  given  by  the  great  Italian  philosopher  of 
what  he  witnessed  within  the  crater  is  most  graphic  and  interesting. 
On  its  western  side  a  very  great  number  of  fumaroles  were  seen  dis- 
charging jets  of  Bteam,  while  deposits  of  yellow  salts  were  being 
formed  round  their  orifices ;  but  on  its  eastern  side  one  large  mouth 
poured  forth  a  continuous  column  of  vapour,  about  12  feet  in  dia- 
meter. In  the  centre  of  the  crater,  however,  still  more  striking 
appearances  were  exhibited,  for  here  a  funnel-shaped  tube  was  seen 
containing  liquid  lava.  This  incandescent  mass  was  agitated  by 
two  movemente,  **  one  intestine,  whirling  and  tumultuous,  the  other 
that  by  which  it  was  impelled  upwards  and  downwards."  This  ver- 
tical motion,  the  utmost  range  of  which  was  estimated  at  20  feet, 
was  sometimes  slow,  and  at  others  more  sudden ;  but,  on  its  reaching 
a  certain  height,  large  bubbles  were  seen  to  collect  on  the  surface  of 
the  glowing  mass,  and  these,  bursting  with  a  sharp  report,  carried 
innumerable  fragments  of  the  liquid  rock  in  a  fiery  shower  into  the 
air.  After  the  explosion,  the  lava  was  seen  to  sink  again  in  the  tube, 
to  recommence  its  rise  after  a  short  interval.  On  one  occasion,  how- 
ever, Spallanzani  witnessed  a  most  interesting  occurrence  in  the 
crater  of  Stromboli :  the  lava  sinking  lower  than  usual  in  the  tube, 
while  the  fumaroles  began  to  discharge  with  a  deafening  roar,  their 
orifices  at  the  same  time  becoming  red-hot.  This  striking  pheno- 
menon soon  ceased,  however,  the  normal  action  of  the  crater  being 
resumed  ;  and  S|)allanzani  was  assured  by  his  guides  that  this  peculiar 
condition  of  the  crater  only  rarely  occurred,  and  was  never  of  long 
duration.  In  connexion  with  this  very  remarkable  circumstance,  it 
may  be  well  to  recall  the  fact  that,  during  the  recent  eruption  in  the 
crater  of  Vulcano,  the  fumaroles  ceased  to  discharge,  but  that  on  its 
tenulnation  their  activity  was  renewed  with  greatly  increased 
vioJenoe, 
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Pasfdng  over  the  aooonnt  of  Ferrara  in  1810,  as  well  as  some 
other  descriptions  of  the  features  of  the  volcano  in  its  ordinary  con* 
dition  of  subdued  activity,  we  will  proceed  to  notice  the  admirably 
clear  descriptions  of  an  English  naval  officer,  who,  during  the  year 
1813,  was  constantly  cruising  about  these  islands  in  a  gun-boat, 
being  employed  in  constructing  the  charts  of  the  Mediterranean. 
The  fact  that  he  was  not  engaged  in  any  special  geological  researches, 
and  does  not  seem  to  have  been  acquainted  with  the  writings  of 
either  Dolomieu  or  Spallanzani,  gives  his  testimony  on  the  subject 
all  the  value  of  that  of  a  perfectly  independent  witness ;  and  it  will 
only  be  necessary  to  mention  that  this  young  officer  subsequently 
became  well  known  in  the  scientific  world  as  Admiral  W.  H.  Smyth, 
to  satisfy  oipr  readers  as  to  his  competency  and  accuracy.^ 

Smyth,  who  ascended  the  mountain  and  spent  a  part  of  the  night 
beside  the  crater,  thus  describes  what  he  saw  : — **  When  the  smoke 
cleared  away,  we  perceived  an  undulating  ignited  substance,  which 
at  short  intervals  rose  and  fell  in  great  agitation ;  and,  when  swollen 
to  the  utmost  height,  burst  with  a  violent  explosion  and  a  discharge 
of  red-hot  stones,  in  a  semi-fluid  state,  accompanied  with  showers  of 
ashes  and  sand,  and  a  strong  sulphurous  smell.  The  masses  are 
usually  thrown  up  to  a  height  of  from  GO  or  70  to  300  feet;  but 
some,  the  descent  of  which  I  computed  to  occupy  from  9  to  12 
seconds,  must  have  ascended  above  1000  feet.  In  the  moderate 
ejections,  the  stones  in  their  ascent  gradually  diverged,  like  a  grand 
pyrotechnical  exhibition,  and  fell  into  the  abyss  again ;  except  on 
the  side  near  the  sea,  where  they  rolled  down  in  quick  succession, 
after  bounding  from  the  declivity,  to  a  considerable  distance  in  the 
water.  A  few  fell  near  us,  into  which,  while  in  the  fluid  state,  we 
thrust  small  pieces  of  money  as  memorials  for  friends." 

Valuable  as  is  Smyth's  evidence  as  to  the  nature  of  the  pheno- 
mena displayed  within  the  crater  of  Stromboli,  his  testimony  to 
the  fact  that  its  eruptions  are  sometimes,  and  especially  during 
stormy  weather,  of  a  much  more  violent  character  than  ordinary, 
is  equally  clear,  as  the  following  passage  will  show  : 

"  I  was  once  going  over,  in  my  gun-boat,  from  Milazzo  to  Strom- 
boli, when  a  furious  south-east  wind  arose,  and  rendered  it  impossi- 
ble to  anchor  before  San  Bartoli,  where,  on  approaching,  I  observed 
the  spray  of  the  surf  carried  even  to  the  houses :  the  only  refuge  to 
save  us  from  being  blown  over  to  Calabria,  then  occupied  by  Murat, 
was  to  run  almost  under  the  crater  in  a  nook  of  Scbiarazza  Point, 
where,  for  two  nights  and  days,  we  rode  in  a  state  of  partial  security 
as  to  winds  and  weather;  but  certainly  not  without  considerable 
danger  from  the  incessant  showers  of  red-hot  stones  that  were  hurled 
aloft  from  the  crater  with  amazing  rapidity,  and  most  of  which 
fell  very  near  us,  while  some  of  them  exploded  in  the  air  with  a 
whizzing  sound  like  the  fragments  of  bomb-shells  after  bursting.  The 
explosions  followed  each  other  in  quick  succession  (not  more  than  5 
to  10  minutes  elapsing  between)  with  a  report  like  distant  artillery ; 
the  moment  of  ejection  was  accompanied  by  brisk  rattling  detona- 

^  I  am  indebted  to  Mr.  Warington  W,  Smyth,  F.R.S.,  for  gvv\xi^  m^^^^HA  <A 
hif  iatb^#  obtervationB  on  StrombolL 
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tionB,  and  a  fall  glare  of  fire,  iUmnuiatiiig  the  itorv  at  inlervals, 
and  presenting  an  awful  and  magnifioent  apeotaole.  At  timea,  how- 
ever, when  the  wind  shifted  a  point  or  two,  oar  admiration  was 
oheoked,  and  we  were  ohliced  to  run  helow,  to  avoid  %  thiok  dond 
of  minute  sand  and  aahes,  ttiat  inatantly  oovwed  the  voaael  aad  filled 
her  with  a  suffocating  heat" 

A  little  later  StroinboU  was  visited  by  two  Eng^Uah  gedIogiaia»  each 
of  whom  had  paid  partioalar  attention  to  tiie  oharaotor  of  voloanio  ac- 
tion, and  who  were  therefore  well  qualified  to  describe  what  thej  saw. 

In  May,  1819,  Mr.  Ponlett-Sorope  ascended  the  mountain,  and  thus 
describes  what  he  witnessed :  ^'  Two  rude  openings  show  themselves 
among  the  black  chaotic  rooks  of  scotiform  lava  which  form  the 
floor  of  the  crater.  One  of  these  is  to  i^pearance  empl^;  but  from 
it  there  proceeds,  at  intervals  of  a  few  minuteSt  a  rush  of  vapour 
with  a  roaring  sound,  like  tliat  of  a  smelting  furnace  when  the  door 
is  opened,  but  infinitely  louder.  It  lasts  about  a  minute.  Within 
the  other  aperture,  which  is  perhaps  20  feet  in  diameter^  and  but  a 
few  yards  distant,  may  be  distinctly  perceived  a  body  of  molten 
matter,  having  a  vivid  glow  even  by  day,  approaching  to  that  of 
white  heat,  which  rises  and  falls  at  intervals  of  10  to  15  minutes. 
Each  time  that  it  reaches  in  its  rise  the  lip  of  the  orifice,  it  opens  at 
the  centre,  like  a  great  bubble  bursting,  and  discharges  upwards  an 
explosive  volume  of  dense  vapour,  with  a  shower  of  fiigments  of 
incandescent  lava  and  ragged  scori»,  which  rise  to  the  height  of 
several  hundred  feet  above  the  lip  of  the  crater.  Many  of  the 
fragments  do  not  reach  so  high.  Part  of  them  fall  back  within  its 
circuit  to  be  again  rejected.  A  considerable  proportion,  however, 
falling  on  the  steep  talus  already  described  on  the  north  side  of  the 
vent,  roll  or  slide  down  into  the  sea ;  and  it  is  evident,  from  the 
crater  continuing  to  retain  its  depth  and  form,  that  sooner  or  later, 
after  perhaps  repeated  ejection,  all  must  find  their  way  there,  to  be 
distributed  over  the  bottom  of  the  Mediterranean." 

As  bearing  on  the  variations  in  the  intensity  of  action  of  the 
volcano,  Mr.  Scrope  adds :  •*  In  the  foul  weather  of  winter  I  was 
assured  by  the  inhabitants  that  the  eruptions  are  sometimes  very 
violent,  and  that  the  whole  flank  of  the  mountain  immediately 
below  the  crater  is  then  occasionally  rent  by  a  fissure,  which  dis- 
charges lava  into  the  sea,  but  mast  very  soon  be  sealed  up  again,  as 
the  lava  shoi-tly  after  finds  its  way  once  more  to  the  summit  and 
boils  up  there  as  before." 

A  few  years  later  (in  1824  ?  )  Dr.  Daubeny  visited  Stromboli,  but 
did  not  approach  sufficiently  near  to  the  crater  to  observe  its 
phenomena  very  minutely.  He  says  :  "  The  minor  explosions  were 
in  general  almost  continuous,  but  that  the  greater  ones,  which  alone 
were  audible  below,  take  place  at  intervals  of  about  seven  minutes  : 
the  latter  are  sufficiently  terrific." 

In  1825  Stromboli  was  visited  by  M.  Biot,  and  in  1829  by  M. 

Virlet  and  the  commission  despatched  to  the  Morea  by  the  French 

Academy.     Each  of  these  authors  speaks  of  the  explosions  taking 

jjlace  at  short  intervals. 

In  1831  the  phonomeuA  of  this  interesting  volcano  were  studied  at 
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nearly  the  same  timey  but  quite  independently,  by  the  two  geologists 
who,  in  Grermany  and  France  respectively,  have  done  more  perhaps 
than  any  others  for  the  promotion  of  the  study  of  volcanic  phenomena, 
more  especially  by  combating  errors,  which  in  those  countries  so 
long  retarded  its  progress.  I  refer  to  Fried  rich  Hoffmann  and 
Constant  Prevost.  The  former  author  heus  given  us  a  detailed 
account  of  his  researches,  and  the  latter  has  borne  witness  to  its 
substantial  accuracy. 

Hoffmann  remained  for  three  weeks  in  Stromboli  at  the  end  of 
1831  and  the  beginning  of  1832 ;  he  on  three  different  occasions 
spent  a  considerable  time  on  the  edge  of  the  crater,  and  minutely 
describes  what  he  witnessed.  He  was  convinced  both  from  what  he 
heard  and  saw,  that  the  openings  at  the  bottom  of  the  crater  vary  in 
size,  number  and  condition  from  time  to  time;  shortly  before  his 
visit  there  were  no  less  than  seven  openings  in  the  crater,  but  when 
he  examined  it  himself,  there  were  but  three :  but  these  were  seen  to 
be  quite  distinct  from  one  another  both  in  position  and  in  the  nature 
of  their  action. 

The  largest  of  the  openings  occupied  the  centre  of  the  crater  floor, 
and  gave  forth  vapours  only,  which  produced  yellow  crusts  on  its 
sides.  To  the  south-west  of  this,  on  the  same  level  with  it,  and 
nearly  under  the  crater-wall,  another  mouth  about  20  feet  in 
diameter  was  seen,  which  discharged  abundant  white  clouds,  and  gave 
origin  to  constant  smaller  or  greater  explosions.  In  the  interior  of 
the  glowing  red  throat  of  this  chimney,  a  fluid  column  of  lava  could 
be  seen  moving  up  and  down,  and  perhaps  sinking  to  a  depth  of  20 
or  30  feet  below  its  summit.  Through  this  column  of  liquid  lava 
bubbles  of  steam  burst  with  a  noise  which  resembled  that  of  a  fur- 
nace when  the  door  is  opened  ;  the  puffs  taking  place  regularly  at 
intervals  of  about  a  second,  and  giving  rise  to  the  formation  of  globes 
of  vapour,  which,  in  issuing  from  the  mouth  of  the  aperture,  carried 
up  bladders  of  the  liquid  lava.  This  action  continued  often  for 
more  than  a  quarter  of  an  hour,  and  then  suddenly  a  louder  detona- 
tion would  be  heard,  which  was  followed  by  a  violent  escape  of 
steam  from  the  aperture  and  the  ejection  of  a  thousand  fragments 
of  glowing  lava  to  a  great  height.  Where  the  crater  joins  the  steep 
slope  of  the  Sciarra,  a  third  and  much  smaller  opening  was  seen, 
from  which  a  little  stream  of  lava,  like  a  perennial  fountain,  was 
constantly  issuing;  it  flowed  down  the  Sciarra  towards  the  sea, 
which,  however,  it  did  not  reach,  becoming  solid  before  it  arrived 
at  the  bottom ;  some  portions,  however,  of  the  congealed  mass  were 
continually  becoming  detached  and  rolling  down  into  the  water. 
The  position  of  this  lava- stream  on  the  Sciarra  is  represented  in 
Uofimann's  drawing  of  Stromboli. 

On  the  25th  of  July,  1836,  Abich  visited  the  crater  of  Stromboli. 
He  saw  in  the  midst  of  the  crater  a  throat  60  or  70  feet  in  diameter, 
in  which  glowing  lava  could  be  perceived  moving  up  and  down ; 
and  several  smaller  openings  were  also  visible  by  the  side  of  it. 
Another  mouth  at  the  junction  of  the  crater  with  the  Sciarra  dis- 
charged showers  of  stones  at  intervals  of  6  or  7  minutes*,  \\\e>  \^\Xfit 
had  formed  a  miDi'ature  cone  about  20  feet  high  on  the  deprease^  ^^ 
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of  the  crater-ring.    The  outbarsts  from  this  month  were  from  time 

to  time  followed  by  the  gushing  forth  of  a  little  Btream  of  lava  from 

a  oleft  on  the  Soiarra,  a  little  ImbIow  the  northern  rim  of  the  crater. 

The  intervals  between  the  explosions  at  ihe  time  of  Abkdi'sL  viaifc 

appear  to  have   been  very  constantk     Besides  :tlie  larger  mnsnUmj  . 

there  wei«  numerous  fomaroles  within  and  about  the  crater/     '     >. ' 

■    In  June,  1844,  the  crater  of  Stromboli  was  visited  by  'MM.  de 

Quatrefages,  Edwards,  and  Blanchard.    The  first  of  these  gives  ibe 

following  description  of  the  state/of  the  volcano  at  tiiat  time.    The 

crater,  which  was  well  marked,  presented  several  depressioBB,  and 

Mix  very  distinct  mouths  were' dearly  visible -in  it     Two'  of  II1M6 

gave  off  steam  exclusively.    A  third,  on  the  right  of  tb»  oratary.pnH 

duced  an  almost   constant   fountain  of  small,  glowing  finigm9ntsi 

which  foil  back  within  it ;'  the  actionof  this  bocca  was  attended  with 

a  singular  noise.    On  the  right,  three' other  monttia  gaTe  xiaie  to 

intermittent  explosions;  twoof  these  always  acting' simultaueoady^ 

at  intervals  of  five  or  six.  minutes  ;-wliile:  the  sixth  moaihsppmni 

to  be  quite  independent,  and  its  much  louder  and* 'mora  TidUit 

explosions  occurred  at  intervals'  oflO  or  12 'minutes.     TbB  a&niM 

thrown  out  by  the  latter  rose  to  a  height  of  move  tlian-G(X>.  fcel( 

those  from  the  other  two  interknitt(9nt  moathir  to  less  than '  half  Aiit 

height.     There  was  evideiltlv  a  connexion  between 'the  first  ftvt 

apertures,  for  the  -  action  of  the  thtee  constantly  disdhaiging  venti 

wus  accelemted  just  before  the  explosions  of  the  two  sitifdler  intar^ 

mittent  mouths ;  but  the  sixth  and  most  powerful  vent  appeared  to 

produce  its  explosions  quite  independently  of  all  the  others. 

^2V  bt  continued  in  our  next  Number,J 

II, — A  Chaptsb  in  ths  Histosy  of  Meteobitbs. 

By  Walter  Flight,  D.So.,  F.G.S., 

Of  the  Department  of  Mineralogy,  British  MnBenm ; 
Assistant  Eiaminer  in  Gheraistry,  UniTersity  of  London. 

{Continued  from  page  128.) 

(PLATE  IV.) 

1870.    Meteoric  Iron  from  Ovifak,  Greenland.    (Continned.)    \ 

The  following  rooks  from  Disko  Island  have  heen  examined  hy 

Nauckhoff : 

I.  Section  of  a  six-sided  hasalt  colnmn  from  Brededal,  east  sido  of  Skarfre^ell, 

and  ahout  10' E.  of  Godhavn;   showing  compact  dark  grcyieh-green  fljound-mats 

,.irith  cr}'])to-crTBtullino  texture;  under  the  microscope  crystals  of  a  felspar,  augite 

"and  mnj^etite'are  recognized.     Ftisihle  before  the  ulowpipe. — II.  Basalt  from  the 

■east  side  of  the  ridge  at  Ovifak,  where  the  iron  and  breccia  were  found.     Fusible 

■before  the  blowpine. — III.  Bock  occurring  in  rounded  masses,  with  g^recn  foUat«d 

crust,  in  the  basalt  ridge,  and  inclosing  spangles  and  spherules  of  iron,  some  6 — 7 

mm.  in  diameter;  these  exhibit  Widmannstiittian  figures.    Appears  to  be  a  very 

finely  granular  mixture  of  a  felspar  with  a  small  amount  of  a  ^reen  mineral,  prpbh 

ably  augite,  and  imperfectly  cr}-Btallized  magnetite,  which  latter  usually  siirroimdi 

the  spangles  of  iron ;  oliTine  is'  only  occasionally  mot  with,  in  grains  the  size  of  a 

pea.     Melts  with  difficulty  before  the  blowpipe. — IV.  Very  hard  brown-colonred 

mass  inclosing  rock  in  which  iron  spangles  are  loun<l;  it  closely  resembles  III.     The 

ground-mass  consists  of  a  felspar,  probablj  anorthite,  the  crystals  of  which   are 

occaaionaUy  large,  and  show  marks  of  twinning,  and  a  great'  number  of  reddish 
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jedra  doiely  veMmbUng  qnneL  Smill  partidfli  of  a  greodih  niiiflnl  of  tlio 
irance  of  avgite  are  also  to  be  diatingniiihed.  Spanglea  of  iron  are  Tory  nurely 
I  in  the  f elsMr :  and  magnetite  ia  apparentlT  abMnt  ICelti  Tory  dowly  befon 
>lowinne.— V.  Rounded  Inmp  of  grey  rock  from  the  basalt  ridge;  it  waa 
ed  with  a  dark  green  Tesienlar  ermit,  from  16  to  20 'mm.  thick.  Throngh  tha 
id-maaa,  which  appears  to  consist  of  a  felspar,  were  dianminated  samsrona 
ut  grejrish  scales,  besides  some  Tsiy  black  magnetite  or  g^n^hite.  Am^bb 
ely  mstribated;  abundance  of  red  spmel  in  some  parts,  none  m  o^sn.  lUlta 
great  difficulty  before  the  blowpipe.— VI.  The  dark  greenish-brown  omst  of 
osely  resembhng  tiiat  of  the  roimded  masses  III.  It  consists  of  a  hkpn 
ling  a  brown  and  a  green  angite-like  mineral,  and,  in  pUeea,  dustsn  of 
lies  of  spineL  MeltB  with  great  difficulty  before  the  blowpipe. — YU.  li^t 
foliated  rock  from  OTifak,  the  exact  circumstances  of  the  oocurreooe  of  which 
ot  known.  The  ground-mass  consists  of  a  mixture  of  a  felspar  wi^  a  nej,  finelT 
ed  mineral  with  gnnhitic  lustre.  Bed  spinel  is  met  with  abundantty  m  bota 
itoent  minerals.  This  Tazietr  of  rocV,  like  thoae  from  tiiie  ridge,  !• 
ed  with  a  rust-like  crust.  It  oreaks  easily,  and  always  parallel  to  tlw  scales. 
«  tiie  blowpipe  it  melts  with  difficulty  on  the  edffes.— vin.  Compact,  dightfy- 
lered  breccia,  filling  a  fissure  two  to  three  indiee  wide  in  the  basalt  ridgiL 
lei  to  which  it  runs.  It  is  a  black  granular  maas,  deroid  of  meftallio  lustre,  rad 
MS  frngments,  some  with  edges  sharp  and  angular,  others  with  the  oonun 
led,  of  a  rock  exactly  like  that  fonning  the  ridge.— lA.  Looae,  mueh-wettlMnd 
ia,  from  the  top  of  the  ridge,  in  irregularly-shaped  fragments.  It  can  ba 
m  in  pieces  with  the  hand,  is  much  rusted,  and  closely  reaemblea  tiie  poduot 
e  oxidation  of  the  metal  blocks.  Like  the  preceding  specimen^  it  mdoaes 
led  fragments  of  the  rock  forming  the  ridse.  The  specific  graTity  is  about 
"ay  between  that  of  iron  and  of  magnetite.  —A.  The  broken-19  basalt,  resembling 
01  the  ridge,  inclosed  in  the  weathered  breccia  IX. 
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Tscliermak  examined  two  microscopic  sections  of  the  Ovifak  rocks, 
and  compared  them  with  sections  of  the  meteorites  of  Jonsac, 
Juvinas,  Petersburg,  and  Stannern,  which  consist  chiefly  of  augite 
and  anorthite,  with  little  or  no  nickel -iron  ;  they  form  a  class  which 
G.  Rose  termed  'eucritic'  Both  sections  exhibit  a  crust,  as  meteorites 
possess ;  it  is,  however,  so  altered  by  oxidation,  that  it  is  not  possible 
to  determine  whether  •  it  is  the  fused  crust  usually  noticed  on  a 
meteorite.  The  crystals  of  felspar,  which,  acconling  to  NauckhoflTs 
analyses,  must  be  regarded  as  anorthite,  are  fully  developed ;  they 
penetrate  the  augite,  iron,  and  magnetite,  and  must  evidently  have 
been  fonned  before  them.  They  are  completely  transparent,  and 
have  but  few  and  large  cavities,  which  are  filled,  jmrtly  with  black 
granules,  partly  with  a  '.brown  substance  of  irregular  form ;  some 
traversing  the  length  of  the  crystals  are  filled  with  a  transparent 
glassy  substance,  llie  augite  is  of  a  light  greenish -brown  hue, 
traversed  here  and  there  by  flaws ;  it  fills  gaps  between  the  other 
constituents,  as  has  been  often  observed  in  dolerites  and  diabases, 
and  encloses  individual  black  grains.  In  the  section  containing  iron 
the  colourless  felspar  encloses  a  black  or  brown  substance  running 
the  length  of  the  crystals,  or  dust-like  fine  black  granules,  or  larger 
round  transparent  bodies  of  a  violet  colour,  which  may  be  the 
mineral  Nauckhoff'  regards  as  spinel.  Side  by  side  with  the  felspar, 
brown  grains,  less  numerous  than  in  the  former  section,  are  seen, 
and  these  are  probably  augite.  Black  particles,  moreover,  occur. 
wliicrli  l)y  reflected  liglit  api)ear  to  hQ  senn-nictjiUic.  and  are  probably 
magnetite,  as  well  as  others  that  are  likewise  black,  but  devoid  of 
lustre,  which  seem  to  be  graphite.  A  few  small  grains  of  truil.itc 
were  also  recognized.  In  the  second  section,  which  l.)orc  a  general 
resemblance  to  the  first,  the  felspar  cn'stiils  were  larger,  tho 
matrix  being  made  up  of  finer  crystals.  In  some  of  the  felspar 
crystals  cloudy  ])ale  brown  patches  were  observed,  which,  when 
viewed  with  a  higher  power,  were  found  to  be  due  to  nunil)erless 
minute  elongated  inclosed  granules  h'ing  in  parallel  position,  or  to 
others  that  were  shorter  and  more  rounded.  These  aj)peamnces  recall 
those  noticed  in  eucritic  meteorites,  like  that  of  Jonsac,  except  for 
the  fact  that  the  inclosed  particles  are  of  smaller  size.  The  larger 
cavitii's  in  the  felspar  are  filled  in  the  same  manner  as  in  the  other 
rock  section  from  Ovifak.  The  structure  of  eucritic  meteorites  is 
tufaceous;  that  of  the  Ovifak  rock  very  compact.  This  distinction, 
however,  has  often  l)een  observed  in  meteorites.  Many  chondritic 
meteorites  are  tufaceous  ;  while  others,  having  similar  chemical  com- 
position, like  the  aerolites  of  Ijodran  and  ^lanbhoom,  are  compact 
and  crystalline.  The  an^-ite  of  the  Ovifak  rocks  has  not  the  cliarac- 
teristicallv  filled  cavities  observed  in  that  of  certain  eucritic  meteor- 
ites;  but  in  the  augite  of  some  meteorites,  as  those  of  Shergotty  and 
Busti,  for  example,  they  are  ecpially  wanting. 

Hie  meteorites  of  Ovifak  in  some  respects  resemble  the  carbona- 
ceous meteorites,  though  they  differ  greatly  from  them  in  other 
characters  :  esj)ecially  in  the  appearance  of  both  metallic  and  rocky 
jjortious,     Thoy  form  a  new  type  in  the  series  of  meteoric  rocks. 
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«nd  fill  the  gap  tliat  has  kitherto  separated  the  carbonaceous  from 
other  meteorites. 

If  some  differences  are  to  be  traced  between  the  remarkable  rocks 
and  irons  of  Ovifak  and  known  meteorites,  others  still  greater 
present  themselves,  when  we  compare  the  Greenland  masses  with 
terrestrial  rocks,  even  with  the  basalts  and  diorites,  near  which  it 
might  be  proposed  to  class  them,  on  accoimt  of  the  occurrence  in 
them  of  magnetite,  and  of  the  crystalline  arrangement  of  their  silicates. 
Iron  has  not  hitherto  been  found  as  metal  inclosed  in  basalt,  except 
OD  very  rare  occasions  (as  by  Andrews  in  the  basalt  of  Antrim,^  and 
then  only  in  fine  particles,  and  apparently  not  alloyed  with  nickel 
and  cobalt),  while  troilite  is  a  meteoric  mineral,  and  has  never  been 
met  with  in  a  terrestrial  rock. 

But  if  the  weight  of  evidence  favours  the  assumption  that  these 
masses  are  of  meteoric  origin,  there  remain  the  following  considera- 
tions, to  which  attention  has  been  drawn  by  Eammelsberg,  sup- 
porting the  view  that  they  may  possibly  have  been  erupted. 

Of  the  rocks  composing  the  globe,  the  greater  portion  accessible  to 
us  have  been  modified  by  the  action  of  water.  There  is  one  clcuss  of 
which  this  cannot  be  said :  the  molten  masses  brought  to  the  sur- 
face by  volcanos,  the  various  rocks  we  term  "lava."  However 
they  may  differ  as  regards  constituent  minerals,  they  have  amongst 
them  a  family  resemblance,  and  it  is  with  them  that  tlie  meteoric 
rocks  may  be  compared.  The  old  lavas  of  Iceland  and  Java  consist 
of  augite  and  anorthite,  as  do  the  meteorites  of  Juvinas,  Jonsac  and 
Stannem.  The  "  bombs "  of  the  prehistoric  volcanos  of  the  Eifel 
are  composed  of  olivine,  augite,  bronzite  and  chroniite,  minerals  that 
are  commonly  met  with  in  meteorites.  Hence  arises  the  question  : 
Are  these  masses,  so  similar  in  their  lithological  characters  to  the 
meteorites,  samples  perhaps  of  the  inner  unchanged  nucleus  of 
our  planet  ?  Does  the  original  mass  of  the  earth  differ  in  point 
of  magnitude  only  from  the  fragments  which  yield  to  its  attraction  ? 

The  mean  density  of  the  earth  is  greater  than  that  of  the  minerals 
composing  the  rocks  of  the  outer  crust.  The  volcanic  rocks  and  the 
meteorites,  which  in  point  of  chemical  constitution  are  basic,  are 
alike  denser  than  this  crust.  The  presence  of  metallic  iron,  a 
characteristic  feature  of  meteorites,  ]K)ints  to  the  absence  of  water 
and  free  oxygen  as  one  of  the  essential  conditions  for  their  form- 
ation. Terrestrial  rocks  rarely  contain  iron,  but  it  is  replaced  by  an 
oxidized  form  of  iron, — magnetite.  Only  in  combination  with 
platinum  is  it  found  in  the  metiUlic  state.  May  the  rocks  of  the 
interior  of  our  globe  contain  this,  the  most  important  of  all  the 
metals,  in  an  uncombined  condition  ? 

It  lias  been  pointed  out  by  Daubree  that  a  region  like  Greenland, 
^here  doleritic  rocks  cover  so  wide  an  area,  appears  in  a  marked 
<iegTee  to  present  the  conditions  necessary  and  favourable  for  the 
upheaval  of  masses  from  very  considerable  depths. 

Another  phase  of  the  question   to  which   ho   directs   attention 

*  A.  E.  Reuss  detected  the  presence  of  iron  in  some  Bohemian  basalts  by  Andrews' 
"method.     (Kenn^oWi  U$ber$icht  /Jesuit.  Min.  Forachungen^  1869,  lOS.") 
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should  also  be  mentionefl.  It  apjiears  not  improl>able  that  the  baaalt 
of  Greeuliuid,  which  contains  more  than  20  per  cent,  of  iron  oxide, 
maj  during  eruption  have  undergoue  reduction  suoh  as  he  imitated 
in  his  laboratory  some  years  since.  This  theory  is  the  more  ad- 
missible from  the  fact  that  in  the  region  under  consideration,  between 
Lat.  69°  and  73°,  numerous  large  beds  of  lignite,  as  well  as  grajihite, 
occur,  especially  in  the  island  of  Dialto,  in  which  Ovifok  is  situated. 

In  a  paper  on  the  anomalous  magnetic  characters  of  iron  sesqui- 
oxide,  prepared  from  meteorio  iron,  recently  comnianicated  fo  tlie 
French  Aoadomy  by  Dr.  Lawrenoe  Smith,  he  announces  that  the 
investigation  of  this  iron,  on  which  he  is  at  present  occupied,  has 
convinced  him  that  the  Ovifak  metallic  masses  are  of  terrestnal 
origin. 

Tlie  fact,  observed  by  Nordenakjijld  and  Wiihler,  of  the  evolution 
of  a  large  amount  of  gaa  by  Ovifak  iron  when  heated,  led  these 
observers  to  the  conclusion  that  it  could  never  have  been  exposed  to  a 
high  temperature.  Tsohermak,  however,  pointa  out  that  this  phe- 
nomenon has  only  been  observed  in  experiments  conducted  at  ordinary 
pressTire,  and  it  must  not  be  foi-golten,  be  maintains,  that  these 
masses,  though  surrounded  by  ft  heated  medium,  wore  at  the  same 
time  subjected  to  the  superincumbent  pressure  of  a  vast  layer  of 
fluid  basalt  They  may,  moreover,  have  originally  had  a  different 
composition,  and  the  oxygen,  which  plays  so  essential  a  part  in  the 
gaseous  evolution,  may  have  been  taken  up  subsequeBtly  daring  ex- 
posure to  Ibe  atmosphere. 

Daubree  draws  attention  to  a  reaction,  mentioned  by  Stammer,  and 
thoroughly  investigated  by  Sraner,  that,  in  the  presence  of  inm 
oxide,  or  even  of  iron  nnder  certain  oircumstances,  carbonic  oxide 
breaks  up,  depositing  carbon,  partly  in  combination  with  iron,  parti; 
in  intimate  mixture  with  iron  oxide;  and  that  this  reaction,  wbiui 
has  been  foond  to  occur  at  400°,  does  not  take  place  at  rery  high 
temperatures. 

NordenskjSld'a  paper  is  illnstrated  by  a  plan  of  the  shore  at  Ovifak, 
where  the  irons  were  found,  and  by  a  sketch  made  on  the  spot  by 
Nordstrom  of  the  three  largest  masses,  showing  them  partly  im- 
mersed ;  while  in  a  plate  are  given  representations  of  seven  of  the 
blocks — one  showing  veiy  distinctly  the  manner  in  which  the  metal 
is  rent  during  oxidation.  NauckhofF  has  appended  to  his  paper  in 
the  Mittheilufigen  a  drawing  of  the  gangue,  indicsting  the  position 
of  the  smaller  pieces  of  iron  and  the  breccia.  Four  exoellent  photo- 
graphs of  the  lai^r  masses  have  been  published  by  the  Ho^hoto- 
graph  Jaeger,  in  Stockholm. 

One  of  the  largest  blocks,  weighing  10,000  lbs.,  was  offei«d  for 
sale  in  New  York  for  12,500  dolWs  in  gold,  and  smaller  specimenB 
at  eight  dollars  per  lb. 

As  is  well  known,  implements  of  meteoric  iron  have  irom  time  to 
time  been  found  in  the  possessioa  of  the  Esquimaux.  Some  recent 
specimens,  inserted  in  bone  handles,  from  Esquimaux  ^oekkenmoed- 
dings,  were  described  b;  Steeostrup  at  the  Congr&t  international 
d'Aathropologie  et  d' Arehiotofit  prehiMtoriqutt  d  BntaMet  (Session 
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do  1872).  For  figures  of  these  implements  see  Maieriaux  pour  PhtB- 
toire  primitive  ei  naiurelle  de  VHomme.  9  Ann^e,  2«  Serie,  Tome  lY. 
2*  Livraison,  1873,  65. 

Cryooonite  fbnnd  1870,  July  19th— 25th,  on  inland  ice,  east  of 
AnleitsiTik  ijord,  Disko  Bay,  Greenland.— Meteoric  metallic 
partieles  found  in  snow,  wnich  fell: — 1.)  1871,  December — 
BtoeUiolm.— 2.)  1872,  March  ISth— Evoia,  Finnland.— 3.)  1872, 
Annst  8th— Lat  80"  H. ;  Long.  13^  E.— 4.)  1872,  September 
Sndf— Lat  SGPV.;  Long.  IS^E.' 

Early  in  December,  1871,  there  was  a  heavier  fall  of  snow  in 
the  ueighboorhood  of  Stockholm  than  any  that  had  oocorred  there 
within  the  memory  of  living  persons ;  and  it  presented  to  Norden- 
akjold  an  opportunity  of  determining  whether  the  snow  brought 
cosmical  matter  to  the  earth's  surface.  A  cubio  metre  of  apparently 
pore  snow,  ooUeoted  towards  the  end  of  the  fall,  left  on  melting  a 
small  black  residue.  From  some  of  this  substance,  when  heated, 
a  liqaid  product  distilled  over ;  a  portion  when  burnt  left  a  red  ash ; 
while  a  magnet  extracted  particles  which,  when  rubbed  in  an  agate 
mortar,  exhibited  metallic  characters,  and  on  being  treated  with  acid 
proved  to  be  iron.  Although  the  possibility  must  be  admitted 
that  this  material  may  have  been  derived  from  the  chimneys  and 
iron  roofs  of  the  city,  already  covered  with  a  thick  layer  of  snow, 
the  result  was  sufficiently  interesting  to  make  it  desirable  that  a 
similar  experiment  should  be  tried  with  snow  falling  remote  from 
towns.  For  this  purpose  snow  was  collected  on  the  13th  March, 
1872,  by  Dr.  Karl  Nordenskji31d  at  Evoia,  in  Finnland,  to  the  north 
of  Helsingfors,  and  lying  in  the  centre  of  a  large  forest.  It  was 
taken  from  off  the  ice  of  the  Rautajer^vi,  at  a  spot  which  is  separated 
by  a  dense  wood  from  the  houses  of  that  northern  station.  When 
melted,  this  snow  yielded  a  soot-like  residue,  which  under  the  micro- 
8Cope  was  found  to  consist  not  only  of  a  black  carbonaceous  sub- 
stance, but  white  or  yellowish-white  granules,  and  from  it  the  magnet 
removed  black  grains,  that  when  rubbed  in  a  mortar  were  seen  to 
be  iron.  Here  again  the  material  was  too  small  in  amount  to  allow 
of  a  determination  of  the  presence  of  nickel  and  cobalt ;  in  other 
words,  to  establish  the  meteoric  origin  of  the  metal.  The  Arctic 
Expedition  of  1872  presented  an  opportunity  for  the  collection  of 
snow  in  a  region  as  far  removed  as  possible  from  human  habitation. 
On  the  8th  August,  the  snow  covering  the  drift-ice  at  Lat.  80^  N.  and 
Long.  13^  E.,  was  observed  to  be  thickly  covered  with  small  black 
particles,  while  in  places  these  penetrated  to  a  depth  of  some  inches 
the  granular  mass  of  ice  into  which  the  underlying  snow  had  been 
converted.  Magnetic  particles  were  abundant,  and  their  power  to 
reduce  copper  sulphate  was  established.  Again,  on  the  2nd  September, 
at  Lat  8&  N.  and  Long,  lo^  E.,  the  ice-field  was  found  covered 

»  A.  E.  Nordenskjold.  RedogoreUe  for  en  Expedition  till  Gronland  ar  1870,  28. 
(See  also  Geol.  Mao.  IX.  356.)  Compt.  rend.,  Uivii.  463.  Jour.  Frakt.  Chem.y 
iz.  356.     Foff^.  Ann.,  clL  154. 
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with  a  bed  of  flmUy  ftllen  moWy  50  mm.  ilikik«  tten  a  mora  oom- 
paot  bed  8  mm.  in  uiickneM,  and  below  tbiv  a  lajer  SO  mm.  thick 
of  snow  converted  into  a  orygtalline  granakr  man.  Hie  latter  was 
full  of  black  grannies,  which  became  grey  when  dziedt  and  exhibited 
the  magnetic  and  chemical  dharaotera  already  mentioned;  they 
amounted  to  0*1  to  1*0  millegramme  in  a  onbio  meira  of  snow. 
Analysis  of  some  mUlegrammes  enabled  NordenakjSld  to  eatablish 
the  preaence  of  iron,  phosphoms,  cobalt,  and  probably  nickel.  The 
filtrate  from  the  iron  oxide  gave  a  small  lm>wn  predpitatei  whioh  gave 
a  blue  head  with  borax.  The  portion  insolnble  in  add  oonaiated  of 
fine  angular  colourless  matter,  containing  firagments  of  diatoms. 
This  dust  from  the  polar  ice  north  of  Spitaberg^  bean  a  great  re- 
semblance to  the  remarkable  substance,  oryooonite,^  whioh  was 
found  in  Greenland  in  1870,  very  evenly  diabributed  in  not  incon- 
siderable quantity  on  shore-ice,  as  well  as  on  ice  thirty  milee  from 
the  coast  and  at  a  height  of  700  metres  above  the  sea.  The  dnst  of 
both  localities  has  probably  a  common  origin. 

The  dyoconite  is  chiefly  met  with  in  the  holes  of  the  ioe^  forming 
a  layer  of  grey  powder  at  the  bottom  of  the  water  filling  the  holea 
Considerable  quautities  of  this  substance  are  often  carried  down  by 
the  streams  which  traverse  the  glacier  in  all  directiona.  The  io^illa 
which  feed  these  streams  lie  towards  the  eailt,  on  a  dowly  rising 
undulating  plateau,  on  the  surface  of  which  not  Uie  slightest  trace  of 
stone  or  larger  rock  masses  was  observed.  The  actual  position  of 
this  material,  to  which  Nonlenskjold  has  given  the  name  of  cryo- 
conite  (/cpvo9  ice,  and  k6vi<;  dust),  in  open  hollows  on  the  surface  of 
tho  glAcier,  precluded  the  possibility  of  its  having  been  derived  from 
the  gi'ound  beneath. 

The  grey  powder  contained  a  not  inconsiderable  amount  of  organic 
matter,  which,  even  at  the  low  temperature  of  the  ice,  undergoes 
putrefactive  decomposition.  A  quantity,  amounting  to  from  two  to 
three  cubic  metres,  which  was  lying  in  the  dried- up  bed  of  a  glacier 
stream,  emitted  a  very  offensive  odour,  bearing  some  resemblance  to 
that  of  butyric  acid. 

When  examined  with  the  micro8COi)e,  the  chief  constituent  of  this 
powder  appears  to  consist  of  colourless,  crystalline,  angular,  trans- 
parent grains,  among  which  are  a  few  yellow  and  less  transparent. 
Some  had  distinct  cleavage-surfaces,  and  were  possibly  a  felspar ; 
other  ci^stal  fragments,  having  a  green  colour,  were  probably  augite ; 
while  other  black,  opaque  particles  could  be  removed  with  a  magnet. 
Tliese  foreign  constituents,  however,  are  present  in  so  small  a 
quantity  that  if  all  the  white  grains  consist  of  one  and  the  same 
mineral,  it  may  be  regarded  as  homogeneous.  The  specific  gravity  of 
this  mineral  is  2*63 ;  the  hardness  apparently  inconsiderable,  and 
the  form  probably  monocKnie.  It  resists  the  action  of  acids :  by 
long  digestion  with  sulphuric  acid  7*73  per  cent.,  with  hydro- 
chloric acid  16*46  per  cent,  were  dissolved.  Lime  carbonate  was 
not  present.     According  to  Lindstrom's  analysis,  it  consists  of: 

^  ^.  £.  Nordenskjold.    An  Account  of  an  Expedition  to  Greenland.    Gbol.  Mao. 
Vol  IX,  p.  365, 
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Silicic  acid 62*65      Potash  2*02 

Phoephoric  acid  0*11       Soda 4-01 

Alumina 14-93      Chlorine    0-06 

Iron  oxide 0*74      Water  (hygroscopic)   0-34 

Iron  protoxide   4*64  Organic  matter  and  combined 

Manganese  protoxide    0*07          water*  2*86 

Lime  6*09                                                      

Magnesia    300  10012 

This  compoBition  corresponds  with  the  formula  : 

2RO,SiOa  +  Al203,3Si02+  H,0. 

The  origin  of  this  cryoeonite  is  highly  engimatical.  That  it  is  not 
a  product  of  the  weathering  of  the  gneiss  of  the  coast  is  shown  by 
its  inferior  hardness,  indicating  the  absence  of  quartz,  the  large  pro- 
portion of  soda,  and  the  fact  of  mica  not  being  present.  That  it  is 
not  dust  derived  from  the  basalt  area  of  Greenlaud  is  indicated  by 
the  subordinate  position  iron  oxide  occupies  among  the  constituents, 
as  well  as  by  the  large  proportion  of  silicic  acid.  We  have  then  to 
fall  back  on  the  assumption  that  it  is  either  of  Yolcanic  or  cosmical 
origin. 

That  dust  can  be  carried  enormous  distances  has  been  well 
established.  Darwin '  refers  to  instances  of  dust  having  fallen  on 
ships  when  more  than  a  thousand  miles  from  the  coast  of  Africa.,  and 
at  points  sixteen  hundred  miles  distant  in  a  north  and  south  direction. 
If  the  Greenland  dust  were  volcanic,  it  would  probably  have  been 
wafted  from  Iceland  or  Jan  Mayen,  or  some  as  yet  unknown  volcanic 
region  in  the  interior  of  Greenland.  Nordenskjold  found  it  to  bear 
the  closest  resemblance  under  the  microscope  to  the  ash  of 
Vesuvius  (1822),  and  a  specimen  of  that  which  fell  at  Barbadoes 
and  probably  came  from  St.  Vincent.  Looked  at  in  the  mass,  how- 
ever, it  is  at  once  seen  that  the  volcanic  ash  is  of  a  brownish 
red ;  the  cryoeonite  is  grey.  The  magnet  when  placed  in  contact  with 
the  Vesuvian  ash  extracted  nothing ;  out  of  that  from  Barbadoes 
it  drew  magnetic  particles,  which,  however,  were  not  metallic,  nor 
did  they  contain  nickel  or  cobalt. 

The  cryoeonite,  nevertheless,  whencesoever  it  comes,  contains  one 
constituent  of  cosmical  origin.  Nordenskjold  extracted,  by  means 
of  the  magnet,  from  a  large  quantity  of  material,  sufficient  particles 
to  determine  their  metallic  nature  and  composition.  These  grains 
separate  copper  from  a  solution  of  the  sulphate,  and  exhibit  con- 
clusive indications  of  the  presence  of  cobalt  (not  only  before  the 
blowpipe,  but  with  solution  of  potassium  nitrite),  of  copper,  and  of 
nickel,  though  in  the  latter  case  with  a  smaller  degree  of  certainty, 
through  the  reactions  of  this  metal  being  of  a  less  delicate  character. 
Moreover,  ammonia  removes  from  cryoeonite  a  humus-like  substance 
that,  among  other  characteristics,  in  its  powers  of  resisting  powerful 
oxidizing  reagents,  closely  resembles  the  organic  compound  found  in 
he  residue  of  Ovifak  iron  after  treatment  with  acid. 

'  This  passed  off  when  the  mineftal  was  heated  to  temperatures  ranging  from  100* 
to  a  red  heat. 

«  C.  Darwin.     Journal  of  Raearchei Vogage  of  H.M.S.  BeagU^  new  ed* 

1870,  p.  5. 
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Hail,  which  fell  at  Stookhblm  in  the  antamn  of  1878,  wm  feond 
by  Norden8kj5ld  to  oontain  grey  metallio  partidee  that  zednoed  cop- 
per from  its  Bulphate.  Although  the  nwfs  of  thebidldinga  aanomid- 
rng  the  Academy,  in  the  courtyard  of  which  tbeae  hailslonea  faUp  are 
of  iron,  the  grains  were  roonded,  and  of  light  odloiiry  mataad  of  a 
reddish-brown,  and  the  obaerration  is  of  soffieient  intareat  to  allow 
of  its  being  placed  on  record. 

It  has  been  shown  that  small  qnantitiea  of  a  ooamfaal  diiit» 
containing  iron,  cobalt,  nickel,  phoephoms,  and  oarbonaoeoiia  anb- 
stances,  fall  with  other  atmospheric  predpitatea  on  flie  earth'a  BQi&ce. 
Nordenskjold,  in  his  paper,  idlndes  to  the  theoiy»  already  ad'vanoed, 
we  believe,  by  Haidinger,  that  this  deposit  may  phy  an  important 
part  in  the  economy  of  nature  in  supplyu^  phoaphoraa  to  aoils 
already  exhausted  by  the  growth  of  crops.  His  obaet  vations,  more- 
over, are  of  value  throu^  the  light  they  throw  on  the  ilieoriea  of 
.star-showerB,  aurorsB,  eta  The  small  but  continuoua  inoreaae  of  the 
mass  of  our  planet  which  appears  to  take  place  may  lead  students  of 
geology  to  modify  the  view  at  present  held,  that  from  the  time  of 
me  first  appearance  of  vegetable  and  animal  life  upon  our  planet  it 
has  undergone  no  change,  in  a  quantitative  sense— in  other  words, 
that  the  geological  changes  which  have  occurred  have  been  confined 
to  a  difference  in  the  distribution  of  material,  and  not  to  the  intro- 
duction of  new  material  from  without 

When  the  instances  of  the  Mi  of  soot-like  particles,  blood-rain, 
sulphur- showers,  etc,  which  have  from  time  to  time  been  described, 
are  considerod,  the  view  pronounced  by  Ohladui,  that  these  pheno- 
mena are  due  to  the  precipitation  of  large  quantities  of  cosmioal  dust, 
appears  of  great  import,  llie  black  carbonaceous  substances  which  fell 
with  tho  Hessle  meteorites,  and  coated  some  of  them,  may  be  quoted 
as  an  illustration.  Some  meteorites,  moreover,  are  so  loose  and  fri- 
able in  texture  that  tbey  are  veiy  readily  reduced  to  powder,  as  the 
Omans  meteorite  (1868,  July  11th),  while  that  which  fell  at 
Orgeuil  (1864,  May  lith)  breaks  up  when  placed  in  water.  If  this 
stone  had  not  fallen  on  a  day  when  the  atmosphere  was  dry,  portions, 
if  not  tho  whole  of  it,  would  probably  have  reached  the  earth's  sur- 
face in  the  form  of  powder.  These  atmospheric  deposits  may  have  a 
very  varied  composition.  The  dust  which  fell  in  Calabria,  in  1817,* 
contained  chromium.  The  red  rain  that  fell  at  Blankenberg,  in 
Flanders,'  in  1819,  owed  its  colour  to  the  presence  of  cobalt  chloride. 

In  1872  three  papers  were  published  in  the  Comptes  rendus,^  on  the 
origin  of  polar  aurorsB,  which  called  forth  one  from  Baumhauer,^ 
where  he  refers  to  a  theory  as  to  their  origin  propounded  in  his 
thesis  Be  ortu  lapidum  meteoricorum  (Utrecht,  18M).  After  having 
shown  the  connexion  which  apparently  exists  between  the  planets, 

1  L.  Sementini.  Atti  delta  Seale  Acad.  delU  Scienu,  1819,  i.  286.  GUberft 
Ann.,  Ixiv.  327. 

•  Meyer  and  Van  Stoop.     Gilbert* t  Ann.,  Ixiv.  836. 

'  Le  Marechal  Vuillant.  Compt,  rend,,  Ixxir.  610  and  701. —  J.  Silbermann. 
Compt.  rend.,  Ixxiv.  653,  638,  959,  and  1182.-11.  Tarry.     Con^t  rend,,  Ixziy.  549. 

*  £.  H.  Von  Baumhauer.     Compt  rend,^  Ixxiy.  678. 
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their  satellites,  the  comets,  the  shooting-stars,  the  meteorites  ("  qui, 
pour  moi,  sent  de  petitea  planitea"),  and  the  zodiacal  light,  a  disk  of 
asteroids  or  cosmical  matter  massed  together  near  the  sun,  he  gives 
expression  to  the  following  views  respecting  the  polar  aurorae  :  Not 
only  solid  masses,  large  and  small,  hut  clouds  of  "  uncondensed " 
matter  probahly  enter  our  atmosphere  (prohahile  etiam  est  nehulas 
materiei  primigenias  sine  nucleo  condensato  in  atmosphsBram  venire). 
If,  from  our  knowledge  of  the  chemical  composition  of  the  stones  and 
irons  which  fall  to  the  earth's  surface,  we  may  draw  any  conclusion 
respecting  the  chemical  constitution  of  these  clouds  of  matter,  it 
appears  possible  that,  as  many  of  these  stones  consist  partly,  and 
the  irons  almost  entirely,  of  iron  and  nickel,  the  attenuated  cloud- 
Hke  matter  may  also  contain  a  considerable  proportion  of  these  mag- 
netic metals. 

Let  such  a  doud,  the  greater  part  of  the  constituents  of  which  have 
magnetic  characters,  approach  our  earth,  which  we  have  been  taught 
to  r^ard  as  a  great  magnet  It  will  evidently  be  attracted  towards 
the  poles  of  this  magnet,  and,  penetrating  our  atmosphere,  the  parti- 
des  which  have  not  been  oxidized  and  are  in  a  state  of  extremely 
fine  division  will,  by  their  oxidation,  generate  light  and  heat,  the 
result  being  the  phenomenon  which  we  term  a  polar  aurora.  Obser- 
vations have  shown  that  the  seat  of  these  phenomena  is  about,  not 
the  geographical,  but  the  magnetic  poles.  Not  a  few  facts,  even  at 
that  time,  could  be  advanced  in  support  of  the  theory,  which  assumes 
the  occasional  presence  of  metallic  particles  in  the  higher  regions 
of  our  atmosphere.  More  than  once  such  particles  had  been  dis- 
covered in  a  fall  of  hail.  Eversmann*  found  in  the  hailstones  which 
fell  on  the  11th  June,  1825,  at  Sterlitamak,  200  wersts  from  Oren- 
burg, Siberia,  crystals  of  a  compound  of  iron  and  sulphur,  in  which 
Hermann  found  90  per  cent,  of  that  metal.*  In  hail  which  fell  in 
the  province  of  Majo  in  Spain  on  the  2l8t  June,  1821,  Pictet'  found 
metallic  nuclei  which  were  proved  to  be  iron ;  and  the  hail  which  fell 
in  Padua  on  the  26th  August,  1834,  was  observed  to  contain  nuclei 
of  an  ashy  grey  colour.  The  larger  ones  were  shown  by  Cozari  *  to 
be  attracted  by  the  magnet,  and  to  contain  iron  and  nickel.  "  It  would," 
wrote  Baumhauer,  "  be  very  interesting,  in  verification  of  this 
theory  of  the  origin  of  polar  aurorae,  to  detect  in  the  soil  of  polar 
areas  the  presence  of  nickel."  This  theory,  which  at  the  time  it  was 
promulgated  appeared  so  rash  that  it  met  with  severe  criticism  by 
the  great  Berzelius,*  has  gained  support  from  recent  researches ; 
among  others,  the  discovery  by  Heis  of  the  simultaneity  of  boreal 

*  E.  Von  Eversmann.  Archivfur  die  geMamtnte  Naturlchre,  iv.  196. — A.  Neljubin. 
Arehiv  fiir  die  geaammte  NaturUhre,  x.  378. — Hermann,  Gilbert's  Ann.^  Ixxvi.  340. 

*  Though  von  Baumhauer  cites  this  instance,  it  does  not  appear  that  the  metallic  cha- 
racter of  the  "crystals"  was  fully  established  in  this  case.  Neljubin  found  them  to 
consist  of  70  per  cent,  iron  oxide,  and  17*5  per  cent,  of  other  metallic  oxides.  In 
fact,  this  substance  appears  to  have  been  an  impure  limonite,  like  that  which  fell  at 
Iw&n,  in  Hungary,  on  the  10th  of  August,  1841,  and  was  probably  not  meteoric, 

»  Pictet.     GilberVa  Ann.,  Ixxii.  436. 

*  D.  L.  Cozari.     Ann.  Se,  Regn.  Lomb.y  1834,  Nov,  o  Bee.     New  Ed.  Phil.  Jour., 
xxirii.  83. 

»  Jahrubericht,  ixvi.  (1847),  386. 
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and  austzal  anzorBy  the  irialioa  between  th«iPBRaniiidi  Ai 
showers,  the  pertiiifaetionB  of  the  tdMrpph  lineiy  irhUk  not  ^Mily 
aooompany»  bnt  foracaet  an  annnal  disj^y ;  and  Ae  identUy  of  ttie 
light,  prinoipaUy  that  of  the  green  poraon  of  tiba  q>antinmi  in 
sodiaoal  and  auroral  liffht»  aa  eBtaUiahed  hy  Bai|NfldhL^ 

In  connexion  with  uiia  sabjeot»  lefafenoa  ahrald  faa  nada  to  the 
discovery  hj  Beichenbaoh  some  yean  ainoe  of  the  sraaanoa  of  nioke) 
in  soils.  From  the  Lahisbeig  in  Anstria,  a  oonioal  h31  aome  MO  to 
400  metres  in  height,  and  oovered  to  the  aammlt  wiAi  baeoh-tnea» 
he  took  samplea  of  soil  from  the  thiok  Qnderwood»  «nd  fbond 
-therein  traces  of  niokel  and  oobalt  Other  wperhmm  fiom  the 
Haindelberg^  Kallenberg,  and  Dreymaudkateinbeigi  effiaoewt  faill% 
yielded  the  same  resolt^  and  that  from  the  MajwifafMa  plant  alao 
revealed  traces  of  niokeL  These  hills  consist  of  beds  ef  aaddatooe 
and  chalk,  and  are  quite  free  from  metallio  Teins.  It  haa  ahready  beeik 
suggested  that  impoverished  soils  may  have  their  fiertili&ngpowenanh 
newed  by  the  precipitation  of  coamical  matter  containing  pooqphama. 

187L  Pehmary 4tL  2S0  pjn.  EonidMy  Wnnesnte' 

The  meteor  sppeared  to  come  from  N*  of  B.  When  it  raaohed  a 
poiDt  4""  N.  of  W.  of  Konisba  (Lat46»  W;  Long;  94"*  10'),and  was 
at  an  elevation  of  88°,  it  eraloded  with  a  detonatiaa  like  the  com- 
bined roar  of  a  park  of  artilleiy.  The  oonousaion  waa  ao  great  ttiat 
it  shook  the  houses.  From  four  diAfent  points  on  «  haaolino 
of  42  miles  observers  were  not  able  to  mark  any  divergence  frx>m  the 
general  direction  of  N.  86<^  W.  The  distance  from  Eonisha  must 
have  been  considerable  at  which  the  explosion  of  the  meteor  took 
place.    No  meteorites  have  yet  been  found. 

1871.  Kay  21st.  8*15  a.m.  Searsmont,  Xaine.' 

The  explosion  attending  this  fall  resembled  the  report  of  a  heavy 
gun,  folio wod  by  a  rushing  sound  like  the  escape  of  steam  from  a 
boiler.  It  probably  came  from  the  south,  as  the  report  was  heard  at 
Warren,  12  miles  to  the  S.W.,  but  not  at  Searsmont,  3  miles  to  the 
N.E.  About  two  minutes  after  the  explosion  a  woman  saw  the 
earth  thrown  up  at  a  spot  about  30  rods  distant  from  her.  The 
meteorite  entered  the  bard  soil  to  a  depth  of  two  feet,  making  a 
vertical  hole,  and  striking  some  large  pebbles  which  shattered  the 
stone.  It  weighed  altogether  I21bs.,  the  largest  fragment  being  21bs. 
When  dug  out,  25  minutes  after  the  fall,  it  was  still  hot.  The 
form  of  the  complete  stone  is  described  as  of  an  oval  subconical 
figure,  with  a  flat  base,  and  resembles  the  Durala  meteorite 
(1815,  Februaiy  18th)  preserved  in  the  British  Museum.  The  crust 
of  the  base  is  perfectly  black,  and  more  perfectly  fused  than  that  of 
the  sides ;  it  is  moreover  of  unusual  thickness,  amounting  to  about 

*  Rcspigbi.     Compt.  rmd.j,  Ixxiv.  514. — The  ffreen  ray  is  that  known  as  1241  in 
Kirohbo^'s  scale ;  and  near  it  is  another  of  less  brilliancy,  1826  in  the  same  scale. 

*  Amer,  Jour.  »SV;.,  1871.  i.  308. 

9  C.  U.  Shepard.    Auur.  Jour,  Sc.  [3],  iL  138.— J.  L.  €mitb.  Amtr,  Jour,  Sc. 
[3],  ii.  200. 


:  4.  E.  Usaher^Subdimumi  qfthe  Tria%,  163 


l-16th  of  an  inch.  The  colour  of  the  interior  is  a  blaish-white  and 
18  Tery  nniform.  More  than  half  the  stone  is  made  up  of  rounded 
grains  of  the  size  of  mustard-seed,  with  fine-grained  white  or 
greyish-white  interstitial  matter,  whioh  Sbepard  calls  ohladnite,  bat 
which  would  perhaps  now  be  more  correctly  termed  enstatite.  The 
rounded  globiues  are  bluish-grey,  rarely  with  a  faint  tinge  of  yellow, 
are  vitreous  and  translucent,  have  two  imperfect  oblique  cleayages, 
and  bear  a  resemblance  to  boltonite.  Minute  grains  of  iron  are 
tliickly  scattered  through  the  mass,  with  a  few  grains  of  troilite  and 
one  little  black  mass,  which  was  probably  graphite.  The  specific 
gravity  of  the  stone  is  3-626 — 3*701.  Dr.  I^wronue  Smith  traces  a 
great  resemblance,  as  regards  the  crust,  between  this  stone  and  that 
which  fell  at  Mauerkirchen  (1768,  November  20th) ;  but  both 
observers  agree  that  in  other  respecte,  more  especially  in  spherular 
structure,  it  is  like  the  meteorite  of  Aussun  (1858,  December  9th). 
It  is  to  be  regretted  that  the  constituents  of  this  stone,  which  can 
apparently  be  so  readily  isolated,  have  not  been  subjected  to  separate 
^alvsis. 

The  total  composition  of  the  stone  is  as  follows : — 

OUHne 4804 

Bmnzite,  hornblende,  with  a  little  idbite  (or  oriUiocUflo)  and  chromite  89*27 

Nickel-iron  1463 

Magnetic  pyrites  (?) 3-08 

The  nickel-iron  consists  of:  lOOOO 

Iron  =  9002 ;  Nickel  =  9-06;  Cobalt  =  0-43  =  99*5 

and  the  stony  portions,  soluble  and  insoluble  in  acid  (and  alkali), 
amounting  respectively  to  52-3  per  cent,  and  47-7  per  cent,  have  the 
following  composition : 

SiOa      AlaOj       FeO         MgO    Alkalies  Fe^Ss 

A.  Soluhfe  40-61         ...         19*21         3634         ...         806     =     99-22 

B.  J,t$oiit6U   56-25       201        1302        2414       210         ...       =     97-62 

fTo  be  continued  in  our  next  Number. J 

m. — On  ths  Subdivisions  of  tue  Triassic  Rocks,  between  the 
Coast  of  West  Sosiekset  and  the  Soutu  Ck).^T  of  Devon. 

By  W.  A.  E.  UssHER,  F.G.S., 
Geological  Survey  of  England  and  Wales. 

MUCH  has  been  written  on  the  relations  of  the  Devonshire  Trias 
as  observed  in  the  Bouth-coa^t  section.  The  subject  itself  is 
associated  with  many  names  of  high  scientific  repute,  so  that,  were 
the  following  epitome  the  reHult  of  partial  examination,  or  in  any 
way  aided  by  preconceived  notion^  arrived  at  from  the  perusal  of  the 
labours  of  those  who  liave  gone  before,  I  should  not  feel  justified  in 
differing  in  many  points  from  men  infinitely  my  8U|)erior8  in  general 
geological  information.  But  after  a  careful  sun^ey  of  these  rocks, 
extending  over  three  years,  beginning  in  the  Vale  of  Taunton,  without 
any  previous  acquaintance  with  the  series,  and  working  from  dark 
to  light,  my  views  altering  as  to  their  mode  of  occurrence,  as  I  pro- 
ceeded   southwards,    till    the    same    divisions    wei'e    established 
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at  Tiverton  in  the  inmmer  of  1872«  as  aie  ditpkyed,  wilii  local 
variations,  in  the  eonth  ooaat  A  rough  examination  of  the  latter 
in  the  spring  of  1878,  in  oompany  with  mj  friend  and'  ooUei^gaey 
Mr.  H.  B.  Woodward,  folly  siUMtantiated  the  lithologioal  diviaionB 
I  had  been  enabled  to  make  inland,  and  showed  ns  the  true  natore 
of  several  members,  the  absence  of  whidi  had  been  accounted  for  by 
local  impersistenoy  or  gradual  and  even  abmpt  transition.  The 
additional  light  thrown  upon  the  subject  by  the  South  Devcm 
coast,  showed  the  presence  of  numerous  fuuta,  imtting  out^  and 
displacing  the  divisions,  which,  aided  by  a  praotical  acquaintance 
with  most  of  the  lithologioal  variations  the  beds  assume^  enabled  me 
to  account  for  many  enigmatical  districts  in  my  former  work,  to 
trace  many  faults  with  comparative  certainty,  and  led  to  the  per- 
sumption,  that  in  a  few  local  instances,  between  WatdMt  and  the 
SouUi  Coast  of  Devon,  in  which  the  lowest  division  is  either  alto- 
gether unrepresented,  or  vezy  feebly  so,  its  absence  may  be  accounted 
for  by  the  overlap  of  the  overlying  member,  or  by  its  total  or  partial 
elimination  by  faults.  In  the  spring  of  1874^  uie  establishment  of 
the  same  general  sequence,  as  exposed  on  the  south  coast,  in  the 
Watchet  district,  by  Mr.  Woodward  and  myself  and  the  consequent 
corroboration  of  my  views  by  him,  has  enabled  me  to  state  the  re- 
sults arrived  at,  with  nmoh  less  diffidence  than  my  own  unsupported 
testimony  would  allow.  For  the  publication  of  this  resum^  in  anti- 
cipation of  the  Survey  Memoir  on  the  district,  in  which  all  detaUs 
will  be  given,  I  am  indebted  to  the  kindness  and  consideration  of  the 
Director  of  the  Geological  Survey  of  England  and  Walee. 

As  we  cannot  go  into  details  at  present,  the  subjoined  table  of  the 
divisions  made,  and  a  brief  allusion  therein  to  the  more  important 
lithological  varieties  they  assujne,  supplemented  by  a  very  short 
account  of  each  division,  will  be  sufficient  to  set  forth  the  skeleton 
of  our  facts.     The  beds  are  given  in  descending  order. 

1. — Red  Variegated  Marls,  calcareous  above,  loamy  in  lower  bedp, 
locally  containing  veins  of  gypsum.* 

2. — Red,  buflf,  grey  sandstones  and  rock-sand,  containing  cal- 
oareous  nodules,  and  thin  impersistent  bands  and  pockets  of  dark 
red  clay.  Lenticular  masses  of  sandy  marl  and  beds  of  the  same 
were  locally  shown  near  their  junction  with  the  overlying  marls. 
In  some  localities  the  sandstones  become  very  calcareous ;  in  others 
they  are  mottled. 

3. — Pebble  beds  of  the  Devon  Coast,  large  ellipsoidal  pebbles  of 
quartzite  with  impersistent  beds  of  sand,  in  a  matrix  of  red  sand. 
Pebble  beds  of  Burlescombe,  pebbles  mostly  small  and  round,  of 
quartz  and  grit,  the  former  predominating.  Conglomerate,  containing 
pebbles  and  subangular  fragments  of  limestone,  grit,  and  quartz,  of 
various  sizes,  in  sandstone  matrix,  generally  thick-bedded. 

'  Since  this  paper  was  sent  to  press,  Mr.  P.  0.  Hutchinson,  of  Sidmontb,  informed 
me  that  the  occurrence  of  ijseudoraorphous  cr^'stals  of  rock-salt  had  been  noticed  by 
Mr.  Ormerod  and  himself  in  the  Upper  Marls,  near  Salcombe  Month  ;  1  have  since 
obtained  a  few  specimens  from  that  locality,  and  also,  in  descending  the  cliffs  at  Wind 
Gap,  between  lligh  I*eak  and  Peak  Hills,  west  of  Sidmouth,  was  very  fortunate  in 
obtaining  numerous  slabs  exhibiting  well-marked  psendomorphs  and  ripple-markings. 
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4. — ^Red  Variegated  Marls,  slightly  calcareous,  loamy  in  the 
lower  portion,  and  containing  impersistent  beds  of  sandstone  near 
the  base. 

5. — Red  sandstones  and  beds  of  rock-sand^  locally  brecciated. 
Breccia,  angular  fragments  of  grit  and  quartz,  in  rock- sand.  Brec- 
cia, hard  and  thick  bedded,  fragments  of  locally  derived  rocks. 
Breccia,  gravelly,  large  grit  pebbles  in  sand,  with  intercalated  beds 
of  rock-sand.  Breccio-conglomerate,  pebbles  and  subangular  frag- 
ments of  grit,  quartz,  and  locally  limestone.  Breccia  of  shale 
fragments  in  red  loam  and  loamy  clay.  Dark  red  clay,  mottled  grey, 
of  Tery  local  occurrence. 

!• — The  Tipper  Maris. 

Tbe  above  name  is  applicable  to  these  beds,  between  Watchet  and 
the  south  coast  of  Devon,  only  near  the  line  of  outcrop  of  the  under- 
lying sandstones,  as  in  the  large  tract  of  country  in  Somersetshire, 
north  and  south  of  Taunton,  over  which  the  Trias  is  exclusively 
represented  by  Marls,  it  is  very  doubtful  whether  the  west  Somerset 
and  Devon  divisions  underlie  them.  On  the  coasts  of  Devon  and 
West  Somerset,  the  Marls  are  in  places  intersected  with  gypseous 
veins ;  but  in  the  intervening  country  they  are  not  observable,  pro- 
bably owing  to  the  absence  of  extensive  sections. 

The  lower  beds  are  loamy,  sometimes  almost  passing  into  rock- 
sand.  Near  Sampford  Arundel  (near  Wellington),  and  at  Sidmouth, 
a  bed  or  two  of  sandstone  is  observable,  showing  a  transition  to  the 
underlying  sandstones. 

2. — Tlie  Upper  Sandstones, 

So  called  here  to  distinguish  them  from  the  sandstones  of  No.  6 
(the  lowest  division).  On  the  coast  of  Devon  they  consist  of  red 
sandstones,  with  pockets  of  red  clay  occasionally,  and  corrugated 
calcareous  nodular  bands.  About  50  feet  from  their  base  are  found 
the  celebrated  conglomeratic  beds  of  Otterton  Point,  memorable  as 
the  locality  where  Mr.  Whitaker's  ITyperodapedon  was  discovere  1. 

This  division  is  persistent  over  the  whole  area,  with  one  exception, 
south  of  Watchet,  where  it  is  faulted  out,  showing  itself  however  in 
one  or  two  places  along  the  line  of  fault. 

Inland,  the  Upper  Sandstones  exhibit  great  variety  of  colour  and 
composition.  In  some  places  they  resemble  greensand,  and  have 
even  been  mistaken  for  it  on  Woodberry  Common,  north  of  Exmouth. 
Between  Bishop's  Lydeard  and  Crowcombe  Heatlifield,  south  of 
Watchet,  the  sandstones  are  exceedingly  calcareous,  and  contain 
uneven  beds  of  bluish  rock,  resembling  a  marlstone  ;  these  have  been 
carefully  observed  by  my  colleague,  Mr.  J.  11.  Blake,  llie  calcareous 
sandstones  of  this  district  are  burnt  for  lime.  The  Otterton  Point 
beds  prepare  us  for  the  next  and  underlying  member,  the  Pebble  beds 
and  Conglomerate. 

3. — The  Pebble  Beds  and  Conglomerates, 

This   division  is  the  thinnest  in   the   series,    seldom   exceedingj^ 
100  feet  in  the  Conglomerates,  and  GO  feet  in  the  Pebble  beds ;  cofO^^ 
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•eqnently  it  ia  macb  affected  by  fauKs,  wliich  f>>«cnre  the  relatioix 
of  the  TariGtieB  compoain^  it  to  eoch  other,  and  to  nhioh,  in  almost 
every  instance,  in  tlie  district  uiidov  con ei deration,  its  local  abeence 
is  due.  The  feature  mado  by  the  Pebble  liede,  noticed  by  Mr. 
P^ngelly,  maintaina  over  the  wliolo  area,  marking  the  line  of  faults 
whore  tlio  diTiaion  is  HnrefireBeiited  at  the  stirfuce.  Between  Whimple 
and  Ott«ry  St.  Uary  the  l&rge  qnartzite  pebblcfl  give  place  to  smaUet 
ones  of  quartz  and  grit;  the  beds,  ns  at  Uftbnlm,  are  eouietimes 
compacted,  Boiuetiinea  gravelly,  as  at  Bnrleecombe.  At  White  Ball 
Hill  tunnel  the  Fobble  beds  give  place  to  Conglomerates,  containing 
large  liiueslone  pebbles,  beeidea  tbose  of  gril  and  quarts.  The  beds 
are  generally  iniiBBive,  Both  Pebble  beds  and  Conglomerates  oontMn 
impersistc-nt  lieJ«  of  sand  and  aandslone,  and  in  some  instances  are 
partially  replaced  by  them. 

4. — Tlie  Lower  Martt. 

The  division  underlying  tho  Pebble  beda  and  Conglomerates, 
I  have  called  Lower  HarU,  to  dixtinguish  it  from  tlie  Upper 
Marls.  It  ooneists  of  red  niarla,  variegated  greenish -grey,  much 
faulted  in  the  lower  beds  on  the  coast  of  Devon,  between 
Exmouth  and  Budleigh  golterton,  where  it  oonloiss  beds  of 
sandatone.  North  of  Exeter  its  tiue  nature  is  very  generally  con- 
cealed by  a  thick  loamy  clay  soil,  and  as  tho  beda  of  sandstone  arc 
not  traoeable,  they  may  be  absent,  or  indicate  a  passage  to  the  under- 
lying aeries,  only  in  places  where  its  upper  variety  consiata  of 
saiidtitoueB. 

5.  The  Lower  Sandstotus  ajtd  Breeciat. 

This  ia  the  most  variable  member  of  the  group,  and  as  s  descriptioa 
of  all  its  phasea  with  whiob  I  am  already  iwqnaiiLted  would  oocupy 
more  space  than  is  allotted  to  the  whole  of  this  brief  notioe,  we  will 
only  glance  at  a  few  of  the  salient  points. 

At  Exmouth,  aa  the  junation  between  this  division  and  the  Lower 
Marls  is  a  faulted  one,  I  am  forced  to  oonoede  the  entire  sbaenoe  of 
sandatonea,  which  are  develt^d  at  Topstham,  to  that  oanao,  so  that 
between  the  oooat  of  Devon  and  Burlesoombe  the  upper  variety  of 
this  division  consists  of  sandstones;  but,  from  BurlesocHnbe  to  Williton 
they  aeem  to  ocour  generally  at  the  base  of  the  series.  Beda  of  sand 
and  sandstone,  intercalated  with  the  breccias,  oocor  at  any  horizon 
in  the  lowest  division.  They  consist  of  red  rock-sanda  and  sand- 
stones; variegated  near  Torquay;  are  sometimea  atuned  blackish; 
seldom  vety  calcareous,  and  only  locally  contain  calcareous  nodules. 

Similar  varietiea  of  Breccia  occur  at  different  horizona  in  the 
division,  in  different  plaoes  :  For  instance,  the  hard  Breccias  of 
Teignmouth,  and  those  of  Heavitree  and  Sampford  Feverell  (east  of 
Tiverton),  contain  subongular,  angular,  and  occasionally  a  few 
pebble  fragments  of  grit  and  quartz,  with  limestone  in  the  first  and 
last  inatancea,  and  igneous  rocks  in  the  first  and  seoond.  The  brec- 
cias of  Dawlish  and  Exmouth  present  the  appearance  of  hard  red 
rock-sand,  from  which  the  stones,  which  are  generally  small,  are 
weathered  in  relief,  by  their  snperior  hardness ;  allied  breooiaa  ooour 
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near  Stogamber  and  at  Minebead ;  and  with  modifications,  here  and 
there,  between  Minebead  and  Dawlisb ;  tbe  fragments  in  tbis  variety 
aie  generally  of  grit. 

Breccias  of  diale  fragments  in  sand  matrix  are  a  kind  of  modifica- 
tion of  tbe  Dawlisb  variety,  and  occur  in  tbe  Grediton  and  Tiverton 
valleys,  and  near  Stogumber. 

Brecciated  loam,  witb  seams  of  red  clay,  occurs  in  Exeter,  wbere 
it  famisbes  material  for  brickmaking ;  tbe  sbale  fragments,  being 
very  small,  are  burnt  in  tbe  brick  and  do  not  militate  against  its 
utility.  This  variety  is  largely  developed  in  tbe  Crediton  valley,  it 
is  generally  associated  in  its  very  local  instances  of  occurrence  witb 
dark  red  clay,  which  appears  either  to  replace  it  or  to  occur  inter- 
calated, as  in,  and  near  Exeter,  and  in  tbe  Crediton  valley.  Beds  of 
hard  red  sandstone  occur  in  the  brecciated  loam  of  Exeter. 

Some  varieties  of  the  Breccia  series  so  much  resemble  the  gravels 
resting  («  the  older  rocks  and  frequently  obscuring  their  junction 
with  the  Breccia,  that,  in  the  absence  of  good  sections,  they  are 
hardly  distinguishable  from  them.  ^  These  contain  rounded  sub- 
angular  and  angular  stones  of  grit  and  quartz,  with  intercalated  beds 
of  rock  sand,  as  at  Bradninch ;  or  are  chiefly  composed  of  angular 
fragments  and  also  contain  pieces  of  shale,  as  on  tbe  north  side  of  tbe 
Tiverton  valley.  Breccio-conglomerates  occur  between  Bathealton 
(south  of  Wiveliscombe)  and  Williton ;  tboy  contain  pebbles,  sub- 
angular  and  angular  fragments  of  grit,  quartz,  and,  very  occasionally, 
limestone,  in  a  rather  coarse  sandstone  matrix ;  the  beds  of  Sampford 
Peverell  and  Halberton  form  a  kind  of  connecting  link  between  the 
breccio-conglomerates  and  tbe  hard  Breccias  of  Heavitree  (ne€ur 
Exeter)  and  Teignmouth. 

The  lowest  division  occupies  a  considerable  area  between  Tiver- 
ton, Exeter,  Crediton  and  the  south  coast :  west  of  CoUumpton,  it  is 
almost  entirely  composed  of  sandstone,  but  tbe  presence  of  two  or  three 
small  patches  of  breccia  seems  to  indicate  the  concealment  of  the  lower 
beds,  possibly  by  overlap.  Between  CoUumpton  and  Grinbam  Bridge 
(south-west  of  Thorn  St.  Margarets),  the  lower  division  is  feebly 
represented,  and,  in  places,  either  represented  by  clay  undistinguish- 
able  from  the  overlying  marls,  overlapped  by  them,  or  faulted  out. 
At  Canon  Leigh  (near  West  Leigh  limestone  quarries),  a  few  beds  of 
lower  sandstone  are  shown  faulted  against  tbe  older  rock,  as  also  at  Hor- 
ridge  Down,  in  the  railway  cutting,  south  of  Wiveliscombe.  Between 
Thorn  St.  Margarets  and  Wiveliscombe,  this  division  is  much  affected 
by  faults,  and  nowhere  fully  represented;  between  Wiveliscombe 
and  Williton,  it  is  well  shown,  and  exhibits  many  phases ;  between 
Williton,  Minebead  and  Porlock  it  is  frequently  faulted  out,  but 
occurs  about  Luckbam  (near  Porlock)  and  at  Minebead. 

Disiurhances, 

Tbe  red. beds  of  South  Devon  and  West  Somerset  are  so  much 
affected  by  faults  that  dips  in  any  of  tbe  divisions  must  be  taken  witb 
extreme  caution ;  and  as  small  faults  affecting  single  homogeneous 
members  would  not  be  nearly  so  readily  recognized  as  those  affecting 
different  divisions,  most  estimates  of  thickness  based  on  V^i^Oi^^  ^i 
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I     ontcrop  must  necessarily  lie  conieotiiral.      A  largo  east,  wirl  west 

ifeult,  between  Wivelisoombe  and  Bishops  Lydeard,  tbrows  all  tlie 
beds  north  of  it,  further  east ;  bo  that  Sandstones  and  Breociaa  of  the 
lowest  diviBion  are  faulted  against  Upper  Sandstones ;  Lower  Claris 
entirely  eliminated;  Conglomerates  and  Upper  Sandstones  faulted 
k  agaitiHt  Upper  Maris.  The  frequency  of  tbese  disturbances  renders 
I  estimates  of  the  tbickneBBea  of  the  beds,  evea  in  the  Coast  Section, 
extremely  oonjeotural. 

Thieknesa. 
In  taking  estimates  from  the  Coast  Section,  the  fault  at  Beaton ; 
Bj-nclinal  structure  at  Beer;  fault  at  Chit  Kocfc,  throwing  down 
Upper  Marls,  West  of  Sidniouth ;  faults  near  Lardmm  Bay  repeating 
bottom  beds  of  Upper  Marls ;  numerous  faults  affecting  Lower  Maria 
atid  Lower  Sandstones,  between  Straight  Point  and  Exmouth.'  and  the 
elimination  of  a  part  of  the  lowest  division  at  the  latter  place ;  faults 
in  the  breccia  between  Dawlish  and  Torquay ;  and  a  oonsiderablo 
allowance  for  the  fact  that  tlie  ooast-line-  between  Exmoulh  and 
Torquay,  is  diagonally  across  the  dtp,  and  therefore  does  not  show  the 
breadth  of  outcrop ;  must  be  taken  into  account.  We  have  not  yet 
finished  the  re-survey  of  these  rocks,  so  that  our  estimates  of  their 
thickness,  particularly  of  that  of  tie  Lower  Marls  and  underlying 
beds,  must  be  taken  as  problematical,  not,  however,  erring  on  the 
aide  of  parsimony.  There  is  no  apparent  fonndation  for  the  miles  of 
thickness  that  have  been  ascribed  to  lliena,  and  Sir  H.  de  la  Beche 
seems  to  hnvo  fonued  a  shrewd  estimate,  which,  though  possibly 
under  the  mark,  is  some  miles  nearer  than  the  more  liberal  calcala- 
tions.  Judging  from  what  we  have  seen,  Mr,  Woodward  agrees  with 
me  in  considering  that  the  following  estimates  do  not  err  on  the  aide 
of  limitation. 

1.  Upper  Maris  (of  Cout  SmdoD}  1,000  feet 

2.  Uppor  Sindi'ones iSO    „ 

3.  ConglomeratM  aod  Pebble-bed« 80    „ 

4.  Lower  Maria  „.       460    „ 

6.  Lower  SuidgUmee  sad  Brecdu  ».    1,000    „ 

8,000    „ 

IV. — Thi  Sedihsmt  Theobt  oi  Deift. 

By  J.  R.  Daittjb,  M.A,, 

Of  the  Oeological  Surrey  of  England  and  Wslaa. 

THE  publication  in  the  Nnmber  of  the  Gbologioal  Magazine  for 
November,  1874,  of  Mr.  Gloodchild'e  ingenious  Drift  theory 
leads  me  to  make  a  few  remarks  on  the  subject 

'  Since  the  aboTe  wai  written,  Mr.  P.  O.HBtchinKiii,of  Sidmonth,  kindljftiniiahed 
me  witli  a  sketch  Bcc^on  of  ttie  railway  tutting  between  Langsant  Point  and  DawlLsh, 
made  during  a  Tisit  to  the  latter  place,  and  showing,  bcddes  nnmerolu  nnall  faults. 


isiderable  importanoe,  on  the  west  side  of  Langiant  Point;  as  the  Breccia 
occurring  at  that  Point  and  in  the  plantation  at  Kiinonth  ia  almost  oib«1t  similar  Ut 
tbat  eipuied  in  (he  cliffs,  by  the  beach,  dd  the  irest  of  Dawlish,  and  the  beds  in 


tting  chiefly  connst  of  sands,  the  probabilily  of  these  latter  being  repre- 
of  a  part  of  the  aandatoncs  of  tbe  diyiston  No.  5,  cut  ont  hj  the  fanlt  at 
Eimoulh,  immediaCfl^  struck  me.  Future  icyestigatioii  will  probably  supplf  the 
■olution,  which,  if  my  inference  be  cotrect,  wonld  lead  to  a  fnithar  rednctjon  in  tha 
of  tbs  tbickneai  of  dtyidon  Ho.  d. 
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To  my  mind  one  of  the  great  difficulties  connected  with  the  Drift 
has  always  been  to  account  for  the  uniform  distribution  of  Till 
along  the   bottom   and  flanks   of  valleys.      A   terminal    moraine 
thrown  down  at  the  stationary  end  of  a  glacier,  or  lateral  moraines 
similarly  dropped  along  the  flanks  of  the  melting  ice,  or  a  heap  of 
bottom  or  ground  moraine  shoved   forward   by  the  snout  of  an 
advancing  glacier  or  the  edge  of  an  advancing  ice-sheet,  and  there 
left  on  the  retreat  of  the  ice,  or  deposited  in  sheltered  spots  under 
^e  lee  of  hills  or  bosses  of  rock, — these  phenomena  were  intelligible : 
but  how  a  uniform  sheet  of  Till  should  be  left  along  a  smooth 
valley  or  on   open  ground  was  not  inteUigible   on  any  land-ice 
theory.     Geologists  but  conjured  with  the  term  "  moraine  profonde." 
The  ice  that  scored  and  polished  the  solid  rock  could  not  at  the 
same  time  be  moving  over  a  cushion  of  Boulder-clay.     It  must  have 
been  in  contact  with  the  rock :  it  might  accumulate  the  waste  of 
the  polished  rocks  as  Till  in  isolated  sheltered  spots ;  but  not  uni- 
formly over  the  face  of  the  country,  and  least  of  all  where  the 
underlying  rock  shows  signs  of  glaciation  ;  in  fact,  the  mere  exist- 
ence of  Till  itself  negatived  the  idea.     Yet  such  was  the  manner  of 
Drift  distribution.     Anxiously  I  have   scanned   the   edges  of  the 
Norwegian  ice-fields  for  a  solution  of  the  difficulty,  but  in  vain. 
Mr.  GroodchQd's  theory  of  the  deposition  of  the  Till,  as  a  sediment 
melted  out  of  the  ice  in  place,  seems  to  me  to  remove  all  difficulty 
on  tlie  subject     But  the  difficulty   of  understanding  how  the  ice 
got  the  stones  with  which  it  was  charged,  where  the  country  was 
so  buried  in   ice  that  no   rocks   remained   sticking  out  to  afford 
detritiuj  by  their  waste  under  frost,    remains  the  same.      I  have 
myself  suggested^  an  explanation;  but  at  first  sight  there  seems 
to  be  a  contradiction  between  the  smoothed  surfaces  of  ice- worn 
rocks,  so  difficult  for  the  weather  to  take  hold  of,  and  the  idea  of 
frost  disintegration  sub-glacially. 

Some  phenomena,  too,  of  Drift  distribution  cannot  be  explained 
on  the  Sediment  theory.  Such  a  theory  will  not  account  for  the 
presence  of  Drift  on  one  side  of  a  valley  rather  than  on  the  other, 
nor  for  the  accumulations  of  Drift  specially  in  the  angle  between  two 
valleys  at  their  junction.  These  phenomena,  on  the  other  hand, 
can  be  fairly  accounted  for  on  the  supposition  of  the  Drift  material 
having  been  dropped  by  the  moving  ice,  and  left  in  sheltered  places. 

While,  however,  the  sediment  theory  accounts  very  well  for  the 
uniform  spread  of  Till,  I  cannot  understand  how  well-washed  current- 
bedded  sands  and  gravels  are  to  be  explained  on  this  theory.  Nay 
more,  even  granting  that  they  may  be  so  explained  in  some  cases, 
there  is  still  no  explanation  of  such  a  general  phenomenon  as  the  order 
of  the  Lancashire  Drift,  consisting  of  two  beds  of  Till,  with  an  inter- 
mediate set  of  washed  sands.  Why  should  the  sediment  molted  out 
of  the  ice  occur  in  this  fixed  order  ?  Such  a  sequence  bespeaks  a 
sequence  of  conditions  in  time.  On  the  Sediment  theory  there  should 
be  no  other  arrangement  than  a  horizontal  one,  whereby  the  sedi- 
ment should  be  found  to  be  more  rounded,  and  with  more  frequent 
*  Geological  Maqaziine,  Vol.  X.  No.  2,  February,  1873. 
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interaalations  of  laminated  beds,  the  further  we  go  from  the  wnbal 
fells,  Tlie  general  mass  should  change  in  character  horizontallj; 
but  should  not  offer  any  such  £xed  and  neat  seqaence  as  Lower 
Till,  Middle  Sands,  Upper  Till.  Again,  Mr.  Goodohild  would 
explain  the  Middle  Sands  and  EakerB  in  the  Bame  way,  as  resiilte 
of  one  and  the  same  cause.  Wbenoe  then  their  difference?  Eakers 
are  specially  distinguished  by  their'  arched  bedding,  their  included 
hollowH,  and  the  "  ghosts  of  ectaUshes  "  on  the  pebbles.  If  dne  to 
the  sauie  cause,  why  are  they  so  markedly  different  from  the  flat 
spread  of  the  Middle  Sands  with  its  false  bedding  of  the  ordinary 
character?  Their  difference  of  form  bespeaks  a  diflijrenee  oi forma- 
tion. Nor  do  1  ace  that  they  offer  any  insnnnountable  difficulty.  I 
used  OQoe  to  be  much  puzzled  by  them ;  but  the  idea  of  conflicting 
oitrrenta,  which  I  got  from  Mr.  Fos  Strangivays,  seems  to  clear  up 
the  mystery  of  the  land-locked  hollows,  etc.  Does  any  one  suppose 
that,  were  the  North  Sea  bottom  laid  bare,  we  should  not  find 
regular  Esker  mounds  in  the  sand-banks,  whose  exiatenoe  causes 
such  unpleasant  sensations  to  the  Norwegian  voyager'? 

The  very  general  prevalence  of  Eaker  and  other  simda  and  gntvels 
up  to  the  height  of  TOO  or  800  feet  above  the  sea-level  is  itself  an 
argument  iu  favour  of  a  submergence  of  the  land  to  that  amount : 
and  thia  idea  is  immensely  confirmed  by  the  proofs  in  Norway  of  a 
like  amount  of  reoont  submergenoe,  afforded  by  horizontal  terraces 
of  sand,  the  remnina  of  old  deltas  and  beaoh-marka  along  the  solid 
rock  over  the  sea,  to  say  nothing  of  the  shells.  Moreover,  if  1 
mistake  not,  the  grooves  on  tho  top  of  Bar  Fell  in  Yorkshire  are 
themselves  evidence  of  submergence  at  least  to  the  extent  of  ^200 
feet.  The  reason  is  thia:  the  North  and  Weat  Hidings  of  Yorkshire 
were,  like  other  mountain  groups,  to  wit,  Norway,  Scotland,  the 
Lake  Mountains,  and  lar-Connaught,  glaciated  radially  :  that  is,  the 
ice  flawed  outward  from  the  central  fells  in  all  direotioDS,  much  in 
the  same  way  as  the  rivers  do  now :  the  snow  and  ice  drainage  was 
broadly  analogous  to  the  water  drainage. 

The  great  dales,  Wensleydale,  Wbarfedale,  Nitherdale,  Bibbles- 
dale,  Dent,  contain  no  foreigners  in  the  Drift :  the  Drift  material  is, 
as  far  as  I  know,  entir^y  composed  of  rocks  from  the  basins  of  the 
separate  dales.  There  is  thus  no  evidence  of  any  for-dorived  ice, 
whether  an  ice-cap  moving  from  the  pole  or  an  ice-sheet  ftom  a  distant 
mountain  group.     All  the  evidence  is  in  favour  of  home-made  ice. 

The  general  centre  whence  the  ice  moved  outward  may  ronghly 
be  plac«d  about  Bar  Fell.  Now  at  the  radiant  centre,  wher«  the 
motion  is  merely  nascent,  there  can  be  no  grooving,  both  because 
the  motion  is  practically  nil  and  because  the  ioe  has  bad  no  time  nor 
space  wherein  to  gather  its  grooving  tools.  Aa  well  expect  to  find 
denudation  of  rocks  going  on  in  the  peaty  marsh,  whence  issue  the 
rivers  Wharfe  and  Eibble,  where  the  flow  of  the  water  ia  so  feeble 
that  it  is  hard  to  say  which  way  it  will  go,  as  to  find  soratohes  under 
the  ice  at  its  starting-point.  Yet  Bar  Fell  is  grooved  on  its  summit. 
IT  York,  in  the  Quarterly  Joumal  of  the  Qeol. 
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Wo  hftre  already  shown  that  there  is  no  evidence  of  continental  ioe 
from  afar.  Most  we  not  then  conclude  that  the  grooves  were  caused 
bj  floating  ioe  continnallj  scraping  along  the  submerged  land  ? 

About  the  transport  of  erratics  I  will  not  speak,  as  I  have  no 
svidenoe  to  offer  on  the  subject :  but  this  much  I  must  say,  that  if 
it  is  the  general  rule  for  moving  ice  to  carry  unbroken  such  fragile 
subetanoes  as  shells  or  glass  bottles,  the  vast  number  of  rounded 
stones  in  the  Drift  is  more  inexplicable  than  ever. 

The  question  too  of  counter  currents  in  the  ioe  I  leave  to  those 
who  are  better  acquainted  than  I  am  with  the  physics  of  ice.  But 
if  I  understand  Mr.  Goodchild  aright,  his  idea  involves  the  fallacy 
of  perpetual  motion  :  for  in  the  figure  below,  the  dotted  arrows 
indicating  the  course  in  the  ice  of  any  boulder,  say  from  X,  current 
A  sets  outward  (from  the  lake  mountains  suppose)  carrying  boulders 
from  the  oentre  of  the  district  up  to  the  point  where  it  meets  with 
B  (a  current  from  Scotland  suppose),  and  is  turned  back  again  at 
a  higher  level.  Boulders  of  X  are  worked  up  to  Y :  then  when  the 
lee  melts,  they  are  melted  out  as  a  kind  of  sediment,  and  left  at  Z. 


This,  I  conceive,  is  how  Mr.  Goodchild  would  explain  tlie  fact 
that  "  even  in  those  parts  of  the  Lake  District  in  which  the  majority 
of  the  boulders  have  moved  outwards  at  low  levels,  we  find  that 
some  of  the  very  same  rock  has  been  transported  in  opposite  direc- 
tions towards  the  heart  of  the  mountains,"  to  wit,  "  by  the  strong 
upper  currents  which  were  setting  in  from  Scotland."  So  far  so 
good.  But  in  the  case  figured,  boulder  X  arrives  at  Y  so  lato  that 
the  ice  is  then  on  the  point  of  melting  away  entirely,  and  it  quietly 
subsides  to  Z.  But  what  of  a  similar  boulder  which  sets  out  earlier 
on  its  travels,  and  reaches  the  point  Y,  say,  at  the  height  of  the 
Glacial  Period  ? — what  becomes  of  it  ?  It  must  go  somewhere.  It 
must  surely  get  again  into  the  outward  current  A,  and  be  carried 
back  nearly  in  its  old  course,  and  so  go  on  revolving  as  long  as  the 
ice  lasts.  There  is  no  escaping  this  impossible  conclusion,  unless 
we  suppose  either  that  the  Scotch  ice  B  went  clean  over  the  Lake 
mountains  on  the  top  of  their  native  ice,  or  that  the  conflicting 
currents  flowed  away  right  or  left  laterally  to  the  low  ground. 
There  is  not  a  particle  of  evidence  to  show  that  the  Scotch  ice  went 
over  the  Lake  mountains.  If  then  the  conflicting  currents  flowed 
away  laterally,  why  should  there  be  any  over-riding  at  all  ?  On 
meeting,  the  stronger  current  would  dam  back  the  weaker  one  till 
a  position  of  equilibrium  was  attained;  and  thenceforth  the  two 
currents  would  flow  away  literally  in  a  united  stream  according  to 
the  fall  of  the  ground. 
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Postscript — On  referring  to  Mr.  James  Gbikie's  "  Note  on  the 
Occurrence  of  Erratics,"  I  see  that  Forbes  thought  there  was  evidence 
in  the  Swiss  glaciers  of  stones  being  ''  actually  introduced  into  tlie 
ice  by  friction  at  the  bottom  of  the  glacier."  Of  coarse,  if  there  is 
positive  evidence  in  Switzeriand  of  this  sort  of  thing,  the  presence 
of  stones  in  the  Till  ceases  to  be  a  difficulty. 

V. — Note  on  Mb.  Goodchild's  Theory  op  the  Sub-glaoiaIi  Fobm- 

ATioN  OF  Gravels,  etc. 

By  Edwakd  T.  IIardman,   F.C.S.,  etc. ; 
Of  the  Geological  Survey  of  Ireland. 

IN  the  paper  on  "Drift"  in  the  Geologigal  Magazihe  for  Novem- 
ber, 1874,^  Mr.  Gk)odchild,  in  i)roposing  his  new  theory,  appears 
to  invite  discussion  on  it.  I  therefore  beg  to  contribute  my  quota 
towards  upliolding  the  marine,  as  against  the  exclusively  glacial, 
deposition  of  certain  gravels  belonging  to  the  Drift. 

According  to  the  last  paragraph  of  his  paper,'  tliis  theory  is,  that 
all  the  glacial  deposits  were  formed  under  ice,  and  with  the  assistance 
of  sub-glacial  streams ;  and  that  neither  stratification  nor  the  presence 
of  marine  remains  proves  the  former  agency  of  the  sea  in  their  form- 
ation. 

WTiether  this  idea  will  meet  with  general  acceptance  I  shall  leave 
to  others  to  determine,  on  the  various  merits.  It  is  certainly  ingenious, 
and  would  no  doubt  servo  to  explain  the  presence  of  lenticular 
patches  of  sand,  gravel,  and  laminated  clays,  such  as  are  frequently- 
found  in  the  lioulder-clay  ;  but  its  applicaiion  in  the  case  of  the 
masses  of  sand  and  gravel  that  are  often  spread  out  over  large  tracts 
of  country  appears  to  be  hardly  tenable.  I  shall,  however,  confine 
myself  to  a  point  which  I  noticed  in  connexion  with  the  Drift  of  the 
North  of  Ireland  during  my  work  for  the  Geological  Survey,  and 
which  seems  to  me  to  have  a  legitimate  bearing  on  the  question. 
Besides  bringing  forward  a  new  link  in  the  chain  of  evidence,  it 
refers  to  a  matter  not  likely  to  be  observed  in  any  other  district. 

As  every  one  is  aware,  one  of  the  chief  features  in  the  geology  of 
the  North  of  Ireland  is  the  existence  of  the  Upper  Chalk  w^ith 
Flints,  covered  by  a  very  thick  sheet  of  Basalt,  the  two  formations 
being  in  efiect  co-extensive ;  for  there  is  hardly  any  part  of  the  area 
occupied  by  the  Chalk  which  has  not  its  protecting  cap  of  Basalt. 

The  Drift,  for  the  purposes  of  this  note,  may  be  di\'ided  litho- 
logically  into  Till,'  and  stratified  sands  and  gravels  with  brick-claj^s, 
in  some  of  which  fragments  of  shells  have  been  found.  Now  the 
contents  of  these  Drii^ts  diff'er  very  widely.  The  "Till"  contains 
invariably  a  verj'  large  jier-centage  of  the  local  rock,  whatever  it 
may  happen  to  be — Limestone  when  that  rock  prevails ;  Sandstone 
an(l  shale  near  Coal-measure  ground  ;  and  a  plentiful  supply  of 
Basalt,  both  in  large  blocks  and  small  pebbles,  when  over  or  within 
reasonable  reach  of  it,  together  with  igneous  and  metamorphic  rocks 

1  On  Drift,  by  J.  G.  Goodchild,  F.O.S.  *  Zoe.  cit.  p.  510. 

•''  In  u  iVw  ])la('es  patclics  ol  Houldcr-olaT  (Fppor  Bonl(li?r-clny)  resting  on  the 
Blinds  and  gravek  occur  in  the  district  w  ith  which  1  am  acquainted. 
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from  some  distance ;  but  in  no  case  Chalk  or  Chalk-flints  to  the 
amount  of  more  than  about  three  or  four  per  cent.,  even  when  in  the 
Chalk  country,  unless  where  in  very  close  proximity  to  unprotected 
Chalk  exposures. 

On  the  other  hand,  the  gravels,  as*a  rule,  contain  perceptibly  less 
of  the  local  rock,  plenty  of  travelled  or  foreign  pebbles,  and  a  great 
abundance  of  chalk  and  flints ;  of  the  last  two  so  muoh  that  the 
ground  is  often  white  with  them ;  and  this  often  when  at  a  distance 
of  100  feet  from,  or  sometimes  underlying  them,  is  Boulder-clay,  on 
which  a  considerable  amount  of  time  and  trouble  should  be  expended 
before  anything  from  the  Chalk  wotdd  turn  up. 

The  district  to  which  1  refer  is  that  comprising  the  south  of  Deny 
and  Antrim,  great  part  of  Tyrone,  and  the  northern  part  of  Armagh. 
In  those  places,  I  have  examined  a  great  number  of  exposures  in 
"  Till,"  together  with  equally  many  gravel-pits,  and^  always  found 
the  distinction  noticed  above  to  obtain. 

Portlock  *  gives  a  list  of  gravel-pits  in  the  counties  Derry,  Tyrone, 
Armagh,  and  Fermanagh,  noticing  those  of  52  parishes,  the  gravel 
of  35  of  which  contained  chalk  or  flints ;  and  in  25  of  these  chalk 
is  not  the  local  rock.  They  comprise  from  two  to  three  exposures  per 
parish  on  an  average.  I  mention  this  to  show  how  general  the 
occurrence  of  chalk  is  in  the  gravel  of  this  large  district 

Now  if  all  the  Drift  of  these  parts  had  been  deposited  first  by  ice, 
and  almost  simultaneously  re-arranged  in  places  by  glacial  river-action, 
should  we  not  expect  to  find  in  the  re-arranged  part  the  same  con- 
stituents as  in  the  so-called  Till  ?  or,  to  put  it  more  clearly,  must  not 
all  the  pebbles  of  the  gravels  have  previously  existed  in  the  moraine 
matter  of  the  glacier,  and  would  they  not,  therefore,  be  found  in  all  parts 
of  the  Drift  in  nearly  the  same  relative  proportions  ?  According  to  the 
hypothesis,  the  gravels  would  be  merely  the  Boulder-clay  minus  the 
clay,  and  I  see  no  reason  why  the  chalk  debris  should  become  con- 
centrated by  washing.  Were  the  proportion  of  chalk,  etc.,  in  the 
"Till"  very  variable,  it  might  indeed  be  supposed  that  these  gravels 
had  their  origin  in  some  such  chalky  Drift.  But  this  is  not  con- 
sistent with  the  facts.  The  "Till"  is,  as  I  have  mentioned,  remark- 
ably free  from  such  pebbles,  and  in  the  extensive  district  I  have 
examined  hardly  any  difference  in  this  respect  could  be  observed. 

This  difference  may  be  easily  accounted  for  on  the  usual  theory  of 
the  glacial  formation  of  the  "  Till,"  or  Boulder-clay,  and  the  later 
marine  deposition  of  these  gravels.  The  glaciers,  or  ice-sheet,  which 
gave  rise  to  the  former  had,  in  order  to  reach  the  chalk,  to  work 
through  the  hard  basalt  overlying  it,  and  this  attempt  was  in  but 
few  instances  successful,  as  will  be  at  once  seen  on  looking  at  the 
geological  map.  Beyond  the  basaltic  sheet  the  ice  passed  over 
schists  and  other  metamorphic  rocks.  Old  Ked  Sandstone,  Carboni- 
ferous Limestone,  and  the  older  Mesozoic  strata.'     While,  therefore, 

*  Geolopcal  Report  on  liOndonderrv,  etc.,  pp.  747-8. 

*  There  is  evidence  that  the  peneraf  Physical  Geolo^  of  this  district  just  before 
the  Glacial  Epoch  was  not  very  different  from  that  which  prevails  there  at  the  present 
dar.  This  I  have  given  in  a  paper  read  at  the  lato  meotinj^  of  the  British  Associatioii 
at  Belfast,  *'  On  the  Age  and  Mode  of  Formation  of  Lough  Neagh." 


174 

we  find  all  tiie  lart-mflntioiied  roola  in  ffmk  fUnfj  fo  flie  TQl, 
together  with  faaaalt^  ibankB  to  Oiis  lilt  we  get  little  or  no  bhelk,  or 
flints ;  for  eyen  in  the  rove  caeee  where  tfao  ohalk  wee  out  down  to. 
or  was  already  exposed,  the  proportion  of  ohalk  to  dUb^  looks  woqld 
be  very  iasignifLoant 

Now  let  tixe  land  be  sabmeiged,  and  the  sea  oome  into  fl^avoiind 
the  ohalk  esoarpmenta.  It  woold  soon  fimn  dliA^  and  not  oontent 
with  that,  would  nnderoati  and  eat  into  ttie  omnparatifdhf  easj-iram 
and  well-jointed  ohslki  aa  it  is  now  doinsr  all  along  the  northeiqi 
coasts  tearing  ont  large  blodksy  rounding  uenif  and  wearing  them 
into  pebbles.  The  overhanging  basalt  woold  aoon  be  Imagat  Iow» 
and  the  result  would  be  a  gc^yel  oomposed  largdj  of  faaaalt^  ohalk, 
and  flints,  together  with  snob  pebbles  aa  nuight  happen  to  lie  in  the 
Drift — if  there  were  any — ^previpusly  depositad,  ovenying  the  difi, 
and  perhaps  some  others  diiJEted  round  fnm  distant  parts  of  the 
then  coast.  There  can  be  no  di£Bculty  on  this  point,  for  as  jQie  ohalk 
is  found  at  all  heights  from  the  pres^it  level  of  the  sea  njp  to  1400 
or  1500  feet,  any  amount  of  submergence  between  these  limits  would 
bring  it  under  die  influence  of  the  sea.  Snob  a  gravel,  then,  being 
swept  away  over  the  sea-bottom,  would  oover  the  farmer  Drift ;  if 
then  the  ground  emexged  at  any  given  point  of  this  area,  the  *'  Till" 
or  Boulder-day  would  be  found  to  contain  most  local  rooks,  and  but 
little  chalk ;  while  the  gravel  would  contain  few  local  >OQk%  bat  a 
great  amount  of  ohalk  and  basalt 

I  find,  on  referring  to  Portlock's  exhaustive  Beport,  that  be  had 
Bomewhat  the  same  idea  as  to  the  formation  of  the  shelly  clays  of 
the  northcru  part  of  county  Derry,  namely,  that  they  were  formed 
in  a  sea  which  cut  away  the  chalk  and  basaltic  clifis,  hence  the 
occurrence  in  them  of  so  many  chalk  and  basalt  pebbles.^  There 
can  be  little  doubt  that  these  clays  belong  to  the  Drift,  although 
Portlock  considered  them  to  lie  beneath  it :  for  not  only  are  similar 
day-beds  found  everywhere  in  the  gravels  of  the  district,  but  these 
particular  beds  contain  the  characteristic  shell  of  the  Clyde  beds, 
Jfucula  ohloiiga,  as  well  as  the  usual  drift  shells,  Cyprina  lalandtca, 
Turritdla  terehra,  and  Astarie  muiticosiata  (?). 

With  relation,  tp  these  beds  the  following  point  occurs.  Portlock 
mentions,  and  remarks  on  the  fact,  of  "the  delicate  Nucula  being 
uninjured,  as  if  deposited  on  the  spot,  while  the  strong  Cyprina  has 
been  almost  destroyed."  If  then  all  these  beds  had  been  brought 
into  their  present  position,  from  100  to  460  feet  above  sea-level, 
by  moving  ice,  why  should  one  genus  be  shattered,  and  the  other 
preserved?  They  should  have  all  been  either  preserved  without 
distinction,  or  broken  up  indiscriminatdy. 

The  chalk  and  flints  to  which  this  note  refers  are  not  only  found 
in  the  gravels  of  the  North  of  Ireland,  but  also — more  sparingly — in 
the  midland  and  southem  counties.  I  have  noticed  them  in  the 
gravels  of  county  Meath  frequently,  also  occasionally  in  those  of 
counties  Carlow '  and  Kilkenny,  but  more  rai-ely.    Still,  however,  the 

1  Op.  cU,  p.  737. 

'  In  the  gravelB  of  Carlow  I  haye  found  shell  fragments ;  in  one  near  the  town,  I 
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l&tinotioa  notioed  in  the  north  holds  good — oomparative  abundanoe 
in  the  Gravels,  and  greater  rarity  in  the  Boulder-clay.  It  appears  as 
well  that  they  have  been  seen  in*  the  gravels  of  Wexford  and  of 
Cork.^ 

It  must  be  borne  in  mind  that  the  Irish  Chalk  ig  of  a  very  hard 
texture,  almost  as  hard  as  ordinary  Limestone,  and  much  harder  than 
the  Coal-measure  Shales,  Bunter  Sandstone,  and  Eeuper  Marls,  all 
of  which  occur  so  plentifully  in  the  "Till"  of  the  northern  district; 
io  that  its  absence  cannot  be  ascribed  to  crushing  and  pulverization 
by  the  ice-sheet,  nor  can  it  be  laid  to  the  score  of  solution  by  water 
ocmtainiii^  carbonic  acid,  for  this  would  also  affect  the  Limestone. 
^midem,  neither  of  these  suppositions  would  account  for  the  scarcity 
of  Chalk-flints. 


yL«— On  Sons  ov  thv  Massive  Forms  of  CHiSTETES,  tbom  the 

Lower  Silurian. 

By  H.  Allbynb  Nicholson,  M.D.,  D.So.,  F.R.S.E., 
Profowot  of  Biology  in  the  College  of  Physical  Science,  Newcastle-on-Tyne. 

C&STBTES  VETRoroLiTANus,  Pander. 

The  typical  forms  of  Chcetetes  petropolitanus,  Pander,  are  free  in 
habit,  and  are  invariably  furnished  with  a  flattened  or  concave  beise, 
"which  is  covered  with  a  thin  concentrically-wrinkled  epitheca.  The 
^general  shape  of  the  oorallum  is  typically  a  cone  or  hemisphere 
when  full-grown,  and  a  concavo-convex  disc  when  young ;  but  its 
adult  form  is  liable  to  great  variations ;  and  even  the  young  examples 
are  not  constant,  being  sometimes  plano-convex,  or  slightly  bi-convex. 
The  calices  are  exclusively  carried  upon  the  upper  surface  of  the 
mass,  and  are  thin -walled,  polygonal  in  shape,  and  destitute  of  inter- 
mediate tubuli.  Very  often  the  surface  exhibits  minute  tubercles, 
carrying  corallites  of  a  slightly  larger  size  than  the  average ;  but 
this  phenomenon  does  not  appear  to  be  constant.  Young  examples 
may  have  a  diameter  at  their  base  of  four  or  five  lines,  and  a  height 
of  three  lines ;  adult  specimens  may  have  a  long  diameter  of  four 
inches  or  ipore  at  the  base,  and  a  height  of  an  inch  and  a  half ;  but 
the  majority  of  individuals  exhibit  dimensions  intermediate  between 
these  measurements. 

Stenapora  patula,  Billings  (Canadian  Naturalist,  vol.  iv.  p.  427), 
as  hinted  by  Mr.  Billings  himself,  is  to  be  regarded  as  only  a  well- 
marked  variety  of  C  petropolitanus.  It  agiees  with  the  typical 
examples  of  the  latter  in  its  free  habit,  in  its  surface-characters,  and 
in  its  possession  of  a  concentrically-wrinkled  epitheca.  It  is 
peculiar  only  in  its  shape,  having  the  form  of  an  approximately 
circular  disc,  the  basal  surface  of  which  is  flat,  or  slightly  con- 
cave, and  is  covered  by  an  epitheca;  whilst  the  upper   surface  is 

zoi  two  perfect  fihells.     One  a  Purpura  lapilhut,  the  other  a  small  hivalve  which 
1  have  not  heen  able  to  identify  with  certainty,  but  it  appears  to  be  Tellina  Kolidttla. 
^  On  Re-arranffed  or  Glacialoid  Drift,  by  G.  H.  Kinahan,  M.R.I.A.,  Geological 
3^QAziM£,  Decade  II.  Vol.  I.  No.  3,  pp.  112  and  119. 


Tisnally  elevated  into  a  central  boes,  but  is  otberwiB©  Hligtulj 
convex.  I'Ue  largest  example  1  have  seen  is  about  three  inobes 
nnd  a  bn,lf  in  diameter,  and  i^s  a  tbiokness  of  four  lines  near 
the  margin,  and  of  one  inch  in  the  centre ;  but  Mr.  Biilinga  mentions 
exanigiles  which  bad  a  diameter  of  six  inches. 

There  oau  be  no  hesitation  in  oonsidei'ing  the  above  forms  as  the 
type  of  C.  jielropolitantu,  aud  the  only  question  is  whether  we  are  to 
consider  a  free  habit  and  the  possession  of  a  base  oovered  with  a 
concentrically- wrinkled  epitbeca  as  essential  characters  of  the 
species  or  not.  This  question  is  forced  upon  us  by  the  existenoe  of 
two  other  groups  of  forma  which  in  many  respects  agree  with 
C.  petropolitaniis  as  above  described,  but  do  not  possess  the  two 
chai-acters  just  alluded  to.  One  of  these  groups,  commonly  repre- 
sented iu  the  Hudson  River  Group  of  Canada  and  in  the  Giuoinnati 
Group  of  Ohio,  comprises  forms  which  have  often  been  spoken  of 
as  "puff-ball  varieties  of  Stetiojiora  fibrota."  These  forms  occur 
as  small,  spherical,  sub-spberioal,  nodulated,  or  irregular  masses, 
which  exhibit  no  indications  of  a  concave  base,  or  of  an  epilheca. 
The  caliees  seem  to  cover  tlie  whole  surface,  and  the  base  is  indi- 
cated iu  fractured  specimens  by  the  radiation  of  the  corallites  &om 
a  point.  Some  spocimens  appear  to  have  been  attached  to  Cri- 
noids,  the  column  of  which  traverses  their  centre ;  but  others 
exhibit  no  phenomena  which  would  enable  us  to  assert  that  they 
were  attached  to  any  foreign  body.  Iu  tbeir  surface-cbarncters 
these  fonns  present  noliiiug  special ;  but  so  fur  as  J  have  observed, 
they  exhibit  no  tuberoles,  nor  any  groups  of  large-sized  corallites. 

The  eeoond  group  oomprises  small,  hemispherical,  obtusely  oonioal, 
or  Bub-spherioal  masses,  which  are  extremely  like  the  typical  forms 
of  C.  pelrt^olilantu,  but  differ  in  having  the  flattened  or  concave 
base  firmly  attached  to  some  foreign  body,  such  as  the  shell  of  & 
Brachiopod,  or  the  column  of  a  Crinoid.  The  oalioes  in  well- 
preserved  examples  are  thin-walled  and  polygonal,  with  minute 
intermediate  tubuli,  and  distinct  groups  of  large-sized  oorallites,  but 
entirely  without  surface  tubercles.  These  forms  ooonr  in  abundanoe 
in  portions  of  the  Cincinnati  Group  of  Ohio ;  and  I  should  be  dis- 
posed to  regard  them  as  a  variety  of  C.  petrojx^itanut.  I  do  not, 
however,  feel  at  all  so  certain  about  tbe  affinities  of  the  "puff-ball" 
forms,  which  are  so  common  in  parts  of  the  Hudson  Biver  Group  of 
Canada. 

It  may  be  noticed  here  that  none  of  the  forms  here  considered 
can  be  referred  to  Oitetelei,  as  this  genus  is  defined  by  Lonsdale  and 
MoCoy.  They,  none  of  them,  can  be  proved  to  increase  by  fission, 
and,  in  all,  a  rough  fracture  exposes  the  walla  of  the  corallites. 
Neither,  again,  can  they  properly  be  referred  to  Stenopora,  as  they 
exhibit  none  of  the  essential  characters  ascribed  by  Lonsdale  to  this 
genus.  Those,  therefore,  who  refuse  to  extend  the  limits  of  Chatetet 
as  defined  by  Lonsdale,  will  be  compelled  to  place  all  the  above- 
described  forms  under  MontieiUipora,  D'Orb. 

Ghstetbb  uhdulatus,  Nicholaon. 

'What  forms  were  included  by  Mr.  Say  under  the  name  of  FavMtlti 
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Iffcoperdon,  I  have  no  means  of  judging,  not  having  aooess  to  the 
original  work.  It  is  certain,  however,  that  Prof.  Hall  (Pal.  N.Y. 
ToL  L  pis.  xxiii.  and  xxiv.)  included  under  the  name  of  Chatete$ 
hfcoperdjon  several  distinct  forms,  such  as  (7.  petropolitantis,  Pander, 
C,  FleUheri,  Edw.  and  H.,  and  (7.  delicatulus,  Nich.  Under  these 
circumstances,  the  name  of  Cheteies  lycoperdon  will  have  to  he 
abandoned ;  unless,  as  is  improbable,  the  original  form  described  by 
Mr.  Say  can  be  clearly  identified  and  shovni  to  be  distinct  from 
previoosly  recorded  forms. 

Amongst  the  forms  included  by  Hall  under  the  name  of  ChatetcB 
llfcoperdon.  Say,  there  is,  however,  one  (PaL  N.  Y.  vol.  i.  pi.  xxiiL 
%<  l^)f  which  is  far  from  uncommon  in  the  Trenton  Limestone  and 
Hudson  Biver  Group  of  Canada,  which  appears  to  me  to  be  so  far 
distinct  Uiat  it  may  be  provisionally  separated  under  the  name  of 
C,  nndulatuM,  This  form  is  certainly  very  distinct  from  the 
typical  forms  of  C.  petropoliianus.  Pander;  since  it  never  shows 
a  concave  base  or  concentrically-wrinkled  epitheca,  and  ap- 
pears to  have  been  never  free,  but  always  fixed  by  its  base.  It 
forms  great  lobate  masses,  sometimes  more  or  less  funnel-shaped, 
and  often  undulated  or  deeply  indented  and  folded  laterally.  None 
of  my  specimens  have  the  surface  well  preserved ;  but  so  far  as  can 
be  determined,  the  calices  are  polygonal,  thin  walled,  about  six  or 
eight  in  the  space  of  one  line,  destitute  of  minute  interme<liate  tubuli, 
and  showing  no  well-marked  tubercles,  nor  groups  of  large-sized 
oorallites.  A  rough  fracture  exposes  the  walls  of  the  corallites, 
which  radiate  from  the  base,  and  are  oflen  arranged  in  successive 
layers  or  strata.  Without  insisting  upon  the  specific  distinctness  of 
this  form,  it  appears  to  me  to  be  sufficiently  well  marked  and  common 
to  deserve  at  any  rate  a  provisional  title. 


I^DE  VIDE^V^S. 


Notes  on  pAKaEOzoic  Botany,  extracted  from  Dana's  Manual  op 
Geology  (Revised  Edition).   New  York,  1874.    {Second  notice?) 

WHATEVER  may  be  the  ultimate  conclusion  of  Geologists  in 
relation  to  Eozoon  Canadense  as  the  very  oldest  form  of  life 
met  with  on  our  Earth,  it  is  certain  that  abundant  remains  of  several 
orders  of  animals  have  been  obtained  from  rocks  older  than  those 
which  have  yielded  any  very  good  evidence  of  Plants. 

MM.  Torell,  Linnarson,  Nathorst,  and  other  observers,  have 
described  various  plant-like  impressions  in  rocks  of  Cambrian  age  in 
Sweden,'  and  Dr.  Henry  Hicks,  F.G.S.,  has  described  similar  indica- 
tions observed  by  him  in  the  Lower  Arenig  Rocks  of  Ramsey  Island, 
Bt  Davids.* 

Prof.  James  Hall  in  America  has  also  noticed  impressions  of  sea- 
weeds (Buthotrephis)  in  the  Trenton  series  (Lower  Silurian),  whilst 

*  For  previous  notice  see  Geol.  Mao.,  1875,  p.  44. 

«  Geol.  Mao.  18G9,  Vol.  VI.  p.  393,  PL  11,  12,  and  13. 

»  Op.  cit.  Vol.  VI.  p.  634,  PI.  20. 
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indications  of  Facoids^  occur  even  still  earlier  in  the  Primordial 
rocks  of  Canada  and  the  United  States. 

At  this  early  period,  however,  animal  life  was  already  represented 
by  at  least  four  great  sub-kingdoms  of  the  Invertebrata,  namely, 
Protozoa,  Eadiata,  Mollusca,  and  Articulata. 

Among  plants  Acrogens  are  first  represented  in  the  Uppermost 
Silurian  near  Ludlow,  where  fragmentary  remains  of  seeds  referred 
to  the  Lycopodiacea,  and  cortical  markings  have  been  discovered ; 
whilst  in  the  Upper  Limstones  of  Gasp^,  Canada  (Upper  Silurian), 
a  small  species  of  Lycopodiacea,  described  by  Dr.  Dawson  under  the 
name  of  Fsilophyton  princes,  occurs ;  and  in  the  Ohio  Limestone 
remains  of  a  Tree-fern  (  CatdopUris)  have  been  met  with. 

Prof.  Dana  mentions,  as  amongst  the  earliest  types  of  terrestrial 
vegetation,  a  Yew,  named  by  Dr.  Dawson  Protoiaxiies  Logani,  stems 
of  which  have  been  met  with  measuring  three  feet  in  diameter. 
(Dana,  op.  cit.  p.  258.) 

But  in  a  paper  by  Mr.  Carruthers,  F.R.S.,'  communicated  to  the 
Koyal  Microscopical  Society  of  London,  the  author  points  out  that 
the  fossil  in  question  had  been  described  by  Dr.  Dawson  und^r  two 
names,  namely,  Proiotnxites  Logani,  and  Nematoxylon  craaanm  and 
had  been  referred  by  Dawson  to  TaxinecB  from  its  microscopic 
structure.  Mr.  Carruthers,  however,  shows  that  the  fossil  is  not  made 
up  of  wood-cells,  but  entirely  consists  of  cellular  filaments  of  two 
sizes,  interwoven  irregularly  in  a  felted  mass,  and  that  its  affinities 
are  with  tlio  cellular  Cryptogams.  Keasons  are  given  for  placing  it 
among  the  filamentous  Clilorosperms,  and  the  name  is  changed  into 
Nematophycus  Logani,  Carr. 

''  In  the  Hamilton  Beds"  (Middle  Devonian),  writes  Prof.  Dana, 
**  the  evidences  of  verdure  over  the  land  are  abundant." 

"  The  remains  show  that  there  were  trees  as  well  as  smaller 
plants;  that  there  were  forests  of  moderate  growth,  and  great 
jungles  over  wide-spread  marshes.'*  "These  terrestrial  plants  include 
LycopodlaccfC',  Ferns,  and  Eqaisetacece,  the  three  ordei*s  of  Acrogens, 
or  higher  Cryptogams,  and  also  Chara,  but  no  true  mosses;  and  with 
these  there  were  Gymnosperms  or  the  lower  Phanerogams,*^  (op.  cit. 
p.  2G8.) 

"Europe  and  Britain  have  afforded,  in  addition  to  sea- weeds, 
remains  of  plants  mostlj'  related  in  genera  to  those  of  the  United 
States  ;  so  that  the  other  continents  besides  America  had  their  Ferns, 
Lycoi)odiaceie,  Calamitcs,  and  Conifers.  Devonian  plants  have  also 
been  reported  from  Queensland,  Australia."  (op.  cit.  p.  283.) 

In  passing  from  the  Devonian  to  the  Carboniferous  period  no  great 
difference  is  observable  in  the  plant-remains.  As  in  the  later,  so  in 
the  earlier,  "  there  were  Lycopods  of  the  tribes  of  Lepidodendron, 
and  Sigillaria,  and  various  Ferns,  Conifers  and  Calamites."     *'  The 

^  **  Some  of  the  fossils,  formerly  regarded  as  indications  of  plants,  ore  now  believed 
to  be  worm-tracks  or  borings.  iJut  otliera  show  by  their  branching  lormH  that  they 
are  true  Fucoids."     Dana's  Manual  of  Geology,  Revised  Edition,  1874,  p.  lo9. 

*  Monthly  Microscopical  Journ.  vol.  viii.  Oct.  1872,  pp.  160-172,  pi.  31  and  32. 
See  also  Glol.  Mag.  1873,  Vol.  X.  p.  462,  "  lievicw  ol  Fossil  Botany." 
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ngeUtion  may  (even)  liavs  been  as  pn^use  for  the  amount  of  laud, 
liSujugh  the  ciroumatanoes  wens  less  favourable  for  its  growth  and 
uomanlation  in  marshes,  the  eseential  prerequisite  for  the  formation 
of  large  beds  of  coaL"  (op.  cit.  p.  297.) 

"  "nte  BaD»  genera  of  plants  are  represented  among  the  European 
coil-beds  as  oocur  in  America ;  and  very  many  of  the  species  are 
identioal."  "In  this  respect,  the  vegetaMe  and  animal  kingdoms  are 
in  strong  oontrsst ;  for  the  species  o£  animals  oommon  to  the  two 
oontinents  have  always  been  few."  (op.  ait.  p.  347.) 

"Th&  genera  Calamines,  Sphenoplerit,  Peeopttrit,  Lepidodendron, 
uA  Styillaria,  have  much  the  largest  number  of  species  in  Europe." 

"Ezclnsive  of  fruits,  there  are  about  four  hundred  and  thirty- 
fixir  known  Amerioan  species  and  four  hundred  and  forty  Enropeaa 
(indBritish) ;  and  of  these  one  hundred  and  seventy-six  are  oommon 
to  the  two  continents.  In  other  words,  about  lieo-fifth»  of  all  the 
Anterican  species  were  also  growing  in  the  Carboniferous  forests  of 
EuTope."  (op.  cit.  p.  849.) 

"OiHuierons  tmnkB  and  stomps  are  oommon  through  the  Coal- 
messuTes.  Cordaitet  are  strap-waped  leaves,  half  an  inch  to  an 
boh  and  a  half  wide,  sometimes  short,  as  in  the  Devonian  species 
{Cordaitts  Bobbii),  and  sometimes  a  foot  or  more  long.  They  are 
often  crowded  together  in  great  numbers  in  the  slates  overiying 
Iha  coal-beds,  and  are  common  in  other  positions,  thus  showing  that 
they  were  ahed  in  great  numbers  by  some  phmts  of  the  period. 


FiO.  1.  Cardiaarput  elangalta. — FlO  2  Card  buectat  — Fio  3  Card  lamara- 
Jtmii.—Yia.  i,  inVwiVtrAiK  mirnii/r'i,  showing  tmntiTcreo  uction  of  fruit,  with  tha 
tgllinc  of  Ibe  fruit  tiiiiflh«l  in  iliitt«<l  lii  ea  [Keprudueed  by  permiuion  fcom  Dami'i 
Xuiul  of  Geology,  Utviaod  (Klition.  1874  p    328  ] 

They  have  been  referred  both  to  the  Lepidodendrids  and  to  the 
Cjcads,  and  by  Schimper  are  embraced  In  Brongniart's  genus 
i^otopAyJ/unt,  under  the  latter  order.     Geinitz  baa  o\)B«tvcs&.  m 
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Saxony,  and,  later,  N'ewberry.  in  Ohio,  the  winged  fniitii  of  th 
genus  Cardioearpvi  (see  Woodout,  Figa.  1,  2,  8),  aaaodated  mt 
the  le&vGB  olC  ordaitet;  and  both  have  regarded  it  u  highly  prol 
able  that  the  fruit  and  leaves  belopg  to  the  same  planL  The  duI 
like  character  of  the  fruit  separates  Cordaitei  widely  from  the  Lepi 
dodendrids ;  and  the  fact  that  the  leaves  fell  ^m  the  trees  bearin 
them,  instead  of  being  persistent,  and  were  simple  instead  of  pinnab 
removes  them  &om  oidinary  Cycads,  and  affiliates  the  genua  wit 
Conifers,  the  other  family  of  Gymnosperms.  The  South  Africa 
Conifer,'  Welattaehia,  has  both  tlie  brood  strap-like  leaves  of  Cot 
daiteg,  and  also,  as  shown  in  Woodout,  Fig,  4,  the  winged  fruit  C 
Cardiocarput ;  sufficient  to  sustiun  the  reference  of  the  leaves  as 
fruit  (o  the  Conifers,  notwithstanding  the  anomalous  character  of  th 
African  plant."     (Dana,  op.  cit  p.  329.) 

It  is  not  a  little  interesting  to  observe  that  in  some  "  Notes  oi 
Fossil  Plants,"  by  William  Camithers,  F-B-S.  (Gaoi.  Mag.  ISli 
Vol.  IX.  pp.  55-67),  that  gentleman  has  desoribed  two  species  of  Cat 
dioearpoH,  namely,  C.  JAndleyi,  Carr.,  Coal  Measures,  Falkiik,  and  i 
anomalutu,  Care.,  Coal  M.,  Derbyshire. 


Fio,  G.—CurdiofarpoH  Litd'.ryi,  Ourr.,  Conl  Mpasurea.  Folkirlt. 
Fm.  6. — Oni'  of  ilic  t'niila  iintirgiil  iwieo  iiui.  siz*. 

Both  these  spi'ciea  liavo  been  described  anil  (ignrod  by  Mr,  Car 
rutlii-re  fnuu  ejiecimcns  having  tlie  fruils  ottacked  to  the  plant,  am 
in  Fig.  5  wo  rejiroduce  V.  Liadlnj't,  to  show  its  close  rcseiublauc 
to  the  Amuriciin  8|)eciL's  C.  Iiiscclns  (Fig.  2). 

We  wilt  refer  our  readers  to  5Ir.  Ciirrutliers's  admirable  pnpe 
(wliidi  appears  to  have  escaped  I'rof.  llann's  eye),  merely  quotin| 
the  following: — "The  aspeot  of  the  fruit,  jis  it  is  ordinarily  pre 
Bcrvod,  agrees  remarkably  with  Hint  of  ft  Hinf^le  fruit  of  Wiheita'-hic 
It  has  iin  apparently  winged  i>eriearp,  inclosing  a  seed,  the  iulcgu 
meni  of  which  is  produix^I  inlo  ft  stylilbrm  process,  that  passe 
through  a  ciinftl  in  the  perieari).  But  Ibc  thickened  pericarii  suggest 
a  TftxineouB  fruit,  with  wliidi,  from  the  dfscriptioii  I  have  given,  i 
will  be  seen  that  it  liiia  mauy  points  in  common.  In  Taxtiieie,  bow 
ever,  the  fruit  is  termitiftl,  gonor.illy  aolitjiry  and  seesile,  with  a  mor 

I  Wcct 
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fleshy  pericarp.  On  the  whole,  I  am  inclined  to  consider  Cardiocar- 
p(m  as  &  Ojmnosperm  of  an  extinct  type,  confined  as  far  as  is  jet 
bown  to  the  PalaBOzoic  rooks."  (Carruthera,  1872,  Gbol.  Maq. 
Vol  IX.  p.  56.) 

Vast  marshy  plains  seem  to  have  characterized  the  period  of  the 
fonnation  of  the  Cloal-measures  where  "  grew  the  clumsy  Sigillarids 
and  Calamites  and  the  more  graceful  Tree-ferns,  Lepidodendrids,  and 
Conifers,  with  an  abundant  undergrowth  of  Ferns,  and  upon  the  dry 
slopes  near  by,  forests  of  Lepidodendrids,  Conifers,  and  Tree-ferns, 
md  the  luxuriant  growth  was  prolonged  until  the  creeping  centuries 
had  piled  up  vegetable  debris  enough  for  a  coal-bed."  (op.  cit.  p.  356.) 

••The  Coal-period  was  a  time  of  unceasing  change, — eras  of  uni- 
Tersal  verdure  alternating  with  others  of  wide-spread  waters,  de- 
stmctive  of  all  vegetation  and  other  terrestrial  life,  except  that 
whidi  covered  regions  beyond  the  Coal-measure  limits.  But  yet  it 
was  an  era  in  which  changes  for  the  most  part  went  forward  with  so 
extreme  slowness,  and  with  such  prevailing  quiet,  that,  if  man  had 
been  living  then,  he  would  not  have  suspected  their  progress,  unless 
be  had  records  of  some  thousands  of  years  past  to  consult" 

"  According  to  the  reading  of  the  records,  it  was  a  time  of  great 
forests  and  jungles,  and  of  magnificent  foliage,  but  of  few  or  incon- 
spicuous flowers ;  of  Acrogens  and  Gymnosperms,  with  no  Angio- 
sperms ;  of  marsh-loving  Insects,  Myriapods,  and  Scorpions,  as  well 
as  Cnistaceans  and  Worms,  representatives  of  all  the  classes  of  Arti- 
culates, but  not  the  higher  Insects,  that  live  araoug  flowers ;  of  the 
last  of  the  Trilobites  (and  we  would  add  the  last  also  of  the  gigantic  old- 
Hrorld  Mebostom ATA  the  Eurypten'dce) ;  the  passing  climax  of  the 
Brachiopods  and  Crinoids ;  of  Ganoids  and  Sharks,  but  no  Teliosts  or 
Osseous  Fishes,  the  kinds  that  make  up  the  greater  part  of  modern 
tribes ;  of  Amphibians  and  some  inferior  species  of  true  reptiles,  but 
no  Birds  or  Mammals  ;  and  therefore  there  was  no  music  in  the 
Groves,  save  that  of  Insect  life  and  the  croaking  Batrachian.  Thus 
far  had  the  world  progressed  by  the  close  of  the  Carboniferous 
period."  (Dana,  op.  cit.  p.  360.) 

Since  we  received  the  copy  of  Prof.  Dana's  Geological  Manual,  the 
author  has  sent  us  the  following  note  in  reference  to  the  enlargement 
of  the  new  edition  : 

"  While  the  number  of  pages  is  30  greater  than  in  the  old  edition, 
the  size  of  the  page  is  fully  one-fifth  larger ;  so  that  a  page  of  the  new 
edition  contains  very  nearly  a  twentieth  more  matter  than  one  of 
the  old.  The  new  edition,  in  fact,  contains  at  least  one-sixth  more 
matter  than  the  old."  * 

A  further  perusal  of  Dana's  Manual  has  tended  much  to  enhance 
our  estimate  of  the  vast  and  varied  amount  of  geological  materials 
brought  together  in  so  admirable  aud  convenient  a  form  for  the  use 
of  the  student.  The  illustrations,  which  exceed  eleven  hundred  in 
number,  are  most  admirably  executed. 

^  We  are  also  requested  to  make  the  following  corrections : 

On  page  3,  8  lines  from  top,  for  l-200,000tb  read  1- 1200,000th. 
On  p  129,  14  lines  from  top,  for  Ptftremitids  read  Petttieim.\ida. 
On  p.  Z44,  on  Mup,  for  9  read  8,  and  for  8  read  9, 
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Gkologioal  Sooikty  of  London. — I. — January  27,  1875. — Jo' 
Evans,  Esq.,  F.R.S.,  President,  in  the  Chair. — ^The  following  coi 
munications  were  read : — 

1.  *^0n  the  Structure  and  Age  of  Arthur's  Seat,  Edinburgh."  ] 
John  W.  Judd,  Esq.,  F.G.S. 

The  author  said  that  Arthur's  Seat,  so  long  the  battle-ground  of  ri^ 
theorists,  furnished  in  the  hands  of  Charles  Maclaren  a  beautiful  illi 
trution  of  the  identity  between  the  agencies  at  work  during  pi 
geological  periods  and  those  in  operation  at  the  present  day. 

One  portion,  however,  of  Maclaren's  masterly  exposition  of  t 
structure  of  Arthur's  Seat,  that  which  requires  a  neeond  period 
eruption  upon  the  same  site,  but  subsequent  to  the  deposition,  t 
upheaval  and  the  denudation  of  the  whole  of  the  Carboniferous  rocl 
is  beset  with  the  gravest  difficulties.  The  Tertiary  and  Secofida 
epochs  have  in  turn  been  proposed  and  abandoned  as  the  period  of  tl 
supposed  second  period  of  eruption ;  and  it  has  more  recently  be 
placed,  on  very  questionable  grounds,  in  the  Permian, 

The  antecedent  improbabilities  of  this  hypothesis  of  a  second  peri 
of  eruption  are  so  great,  that  it  was  abandoned  by  its  author  hims 
before  his  death.  A  careful  study  of  the  whole  question  by  the  aid 
the  light  thrown  upon  it  in  comparing  the  structure  of  Arthur's  Sc 
with  that  of  many  other  volcanos,  new  and  old,  shows  the  hypothc 
to  bo  alike  untenable  and  unnecessary. 

The  suj)posed  proofs  of  a  second  period  of  eruption,  drawn  from  t 
position  of  the  central  lava  column,  the  nature  and  relations  of  t 
fragmentary  materials  in  the  upper  and  lower  parts  of  the  hill  rcspt 
tively,  and  the  position  of  certain  rocks  in  the  Lion's  Haunch,  all  bre 
down  on  re-examination.  While,  on  the  other  hand,  an  examinati 
of  Anhur's  Seat,  in  connexion  with  the  contemporaneous  volcanic  roc 
of  Forfar,  Fife,  and  the  Lothians,  shows  that  in  the  former  we  ha 
the  relics  of  a  volcano  which  was  at  first  submarine,  but  gradually  n 
above  the  Carboniferous  sea,  and  was  the  product  of  a  single  and  alm( 
continuous  scries  of  eruptions. 

2.  ''  Tlu)  (ilaciation  of  the  Southern  Part  of  the  Lake-District,  a 
the  Glacial  Origin  of  the  Lake-basins  of  Cumberland  and  AVestmorlunc 
— Second  Paper.     By  J.  Clifton  "Ward,  Esq.,  F.G.S. 

Tlie  directions  of  ice-scratches  in  the  various  dales  having  been  point 
out,  the  course  of  the  several  main  glaciers  w(is  described,  and  it  w 
shown  how  they  must  have  become  confluent  in  all  the  lower  grour 
forming  a  more  or  less  continuous  ice-sheet,  which  overlapped  most 
the  minor  ridges  parting  valley  from  valley,  and  was  frequently  fore 
dia<;onally  across  them. 

The  positions  of  certain  ice-grooves  having  an  abnormal  directi 
were  described ;  in  several  cases  thc^se  cross  lofty  ri<lges  at  right  ang! 
to  their  direction,  and  generally  at  passes  or  depressions  along  a  line 
watershed.  Most  of  those  noticed  had  a  generally  east  and  w« 
direction,  and  occurred  at  varying  heights,  from  1250  ft.  to  2400 
The  author,  while  acknowledging  the  difficulty  attendant  upon  a 
txp]aniiiion,   was   inclined,   though  somewhat   doubtfully,  to   rega 
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these  mbnormal  maikiiigs  as  due  to  floating-icey  daring  the  great  period 
of  interglaeial  sabmergence. 

The  moraines  were  all  believed  to  belong  to  the  last  set  of  glaciers. 

The  sabject  of  the  "  Glacial  Origin  of  Lake-basins"  was  then  entered 
upon,  and  the  foUowing  lakes  discussed  by  means  of  diagrams  drawn 
to  scale,  showing  lake-depths,  mountain -outlines,  and  the  thickness  of 
the  ice : — ^Wastwater,  Grasmere,  Easdale,  Windermere,  Coniston,  and 
Esthwaite,  together  with  several  mountain  tarns.  In  the  case  of  Wast* 
water,  the  bottom  was  shown  to  run  below  the  level  of  the  sea  for  a 
distance  of  a  mile  and  a  quarter,  and  the  deepest  point  to  be  just  oppo- 
site the  spot  at  which  the  only  side  valley  joins  the  main  one.  While 
the  greatest  depth  of  the  lake  is  251  ft.,  the  thickness  of  the  old 
glacier-ice  must  have  been  fuUy  1500,  and,  all  points  considered.  Prof. 
Bamsay*s  theory  of  glacial  erosion  seemed  to  the  author  certainly  to  be 
upheld.  In  like  manner  the  same  theory  was  thought  to  account  for 
the  origin  of  the  other  lakes  mentioned,  such  ones  as  Windermere  and 
Coniston  being  but  long  narrow  grooves  formed  at  the  bottom  of  pre* 
existing  valleys. 

Mountain  tarns  were  held  to  be  due  sometimes  wholly  to  glacial 
erosion,  sometimes  to  this  combined  with  a  moraine  dam,  and  occa- 
sionally to  the  ponding  back  of  water  by  moraines  alone,  or  moraine- 
like  mounds  formed  at  the  foot  of  snow-slopes. 

II. — February  10,  1875. — John  Evans,  Esq.,  F.R.S.,  President,  in 
the  Chair.     The  following  communications  were  read: — 

1.  "The  Phosphorite  Deposits  of  Korth  Wales."  By  D.  C.  Davics, 
Esq.,  P.G.S. 

The  deposit  of  phosphate  of  lime  described  by  the  author  is  a  bed 
varying  from  10  to  15  inches  in  thickness,  which  occurs  at  the  top  of 
the  Bala  limestone  over  a  considerable  district  in  North  Wales,  having 
been  detected  in  various  localities  from  Llanfyllin  to  the  hills  north  and 
west  of  Dinas  Mawddy.  The  bed  is  rendered  black  by  the  presence  of 
graphite,  and  appears  to  consist  of  concretions  of  various  sizes  cemented 
together  by  a  black  matrix.  The  concretions  are  richest  in  phosphate 
of  lime,  some  of  them  containing  64  per  cent. ;  the  average  amount  in 
the  bed,  including  the  matrix,  is  46  per  cent.  The  deposit  is  under- 
lain by  a  bed  of  crystalline  limestone,  and  sometimes  divided  by  thin 
beds  of  similar  limestone  into  two  or  three  layers.  The  author  noticed 
the  principal  fossils  occurring  in  the  Bala  limestone  below  the  phos- 
phorite beds,  and  stated  that  many  of  those  in  the  overlying  shales,  up 
to  a  certain  distance  above  the  bed,  are  phosphatized.  The  author 
referred  to  the  presence  of  phosphate  of  lime  in  the  inner  layers  of 
Unio  and  Ayiodonta  to  the  amount  of  as  much  as  15  per  cent.,  and 
thought  that  the  phosphate  of  lime  in  the  deposit  was  probably  of 
organic  origin.  It  may  have  been  an  old  sea-bottom  on  which  the 
phosphate  of  lime  of  Mollusca  and  Crustacea  was  accumulated  during 
a  long  period,  and  seaweeds  may  also  have  contributed  their  share.  It 
probably  represented  the  remains  of  an  ancient  Laniinarian  zone.  The 
author  suggested  that  the  phosphatic  nodules  of  the  so-called  coprolite 
beds  in  other  parts  of  England  might  have  been  derived  from  the 
denudation  of  similar  deposits. 
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2.  "On  tlie  Bone-cavea  in  thp  neighbourhood  of  Castleton,  XiaAy- 
Bliin  ."  By  Ua.,k.'  Pennington,  Esq.,  LL.B.  Conmunicat«d  bj  Prof 
W.  Boyd  DawkiuB,  F.R.S.,  F.G.S. 

The  author  described  as  a  Prehistoric  CftTc,  the  Cat*  Dale  Cvn 
Biluiited  in  Cave  Dole  joat  below  the  keep  of  PevBril  Ca«tle.  Thi 
iipppr  earth  in  this  pave  contained  fragments  of  late  pottery  mixed  a| 
{by  rabbtte)  \(iib  bita  of  rude  prehistoric  pottery,  a  tooled  piece  o: 
sfcig'B  honi,  80  iron  spike,  two  worked  flinta,  a  piece  of  jet,  part  of  i 
bone  comb,  and  a  bronse  eelt  of  peculiar  form,  many  bones  of  Bo, 
loiigi/roni  am)  gont,  broken  to  get  out  the  marrow,  and  remnina  o 
hoRs;  charcoal  ami  human  t«cth  also  attested  the  occupation  of  till 
cave  by  mnn.  Thcrf  were  also  remains  of  fox,  biidger,  cat,  water-rat 
dop,  red  dc-er,  duck,  fowl,  and  horo.  Lower  down  were  remains  o 
Hot  longifrBM,  hop,  red  deer,  wolf,  and  horse;  and  lower  atill,  ncJt  thi 
rock,  more  human  teeth,  remains  of  animals,  and  a  good  flint.  Th< 
cave  seemed  to  have  been  occupied  from  time  to  time  daring  i 
lengthened  period,  probably  fVom  the  Neolithic  age  into  those  of  bronzi 
and  iron.  A  cavo  in  Oelly  or  Hartle  Dale,  contained,  in  blackisl 
mould,  bones  (some  broken)  of  goat,  pig,  fox,  and  rabbit,  and  pieces  o: 
very  rude  prehistoric  pottery. 

Of  Pleistocene  caves  and  tissures  the  author  described  several.  Oni 
in  Hnrtlc  llalo  farnishc J  lemains  of  Itliiniceros,  Aurochs  { /J ison prisci") 
nnil  ilumnioth,  lying  in  yellow  earth.  Tlio  bones  were  probablT  ciirtio 
in  by  water.  A'fissnre  iicur  the  villapo  of  Waterbouses,  in  Stiiffurd 
sliire,  is  f;ix  fe<t  wide,  and  filled  witii  the  ordinary  loam.  B.raes  o 
jtliimmotbs  and  the  skeleton  of  a  voun^  BJ^ion  have  been  obtained  fron 
it,  and  the  jiulhor  suppoi-es  the  niiimals  to  have  faJU^n  into  the  a^?m■. 
while  making  for  the  river  to  drink.  Tlic  Windy  Knoll  fissure  i 
aiinaled  neiir  Ciistleton,  in  a  (juarry  near  the  top  of  the  Winnetts,  an' 
clofe  to  the  most  northern  boundary  of  the  niouiitiiin  limestone  o 
])erbvRliirc.  Tbe  niithor  described  particularly  ihc  siiuiition  of  ibis  fis 
sure, "anil  the  dniiiiape  of  the  district  in  which  it  is  silualcd.  The  fissor 
itself  is  filled  with  the  ordinaiy  loam,  eontHinin<;  fragments  of  linn, 
stone,  and  inclosing  an  astonishing  ipianlity  of  bunea  of  animals  cor 
fusi'dly  mi.tcd  together,  those  lowest  down  near  the  rocks  being  loalc 
with  ami  Hometinies  united  by  stalagmite.  The  author  supposes  th;it  th 
waa  a  swampy  place  into  which  animals  fell  from  time  to  time,  and  i 
rainy  seatious  their  remains  might  be  washud  into  it  from  the  neighbou. 
iog  slopes. 

3.  "The  Jlanimalia  found  at  "Windy  Knoll."  By  Prof.  ^\'.  Bo'^ 
DuwkinR,  5t.A.,  r.U.S.,  F.G.S. 

This  paper  eontiiiiied  an  enumeration  of  the  remains  of  Slammal 
fotind  in  the  Windy  Knoll  fissure  described  by  Sir.  Pennington,  Th  • 
were  stated  to  belong  t«  the  following  species :  Bison,  lliindeer,  Gri^ 
Bear,  W.df,  Fox,  Ilure,  Itibbit,  and  Water-rat.  Oroat  qnantities 
bones  and  teeth  were  found,  the  number  of  individnuls  represented  ' 
tho  remains  being  given  roughly  by  the  author  os  follows : — 

Bison 40-60 

Ueindeer      20-30 

Grisly  Bear 4-5 

WoU 1 
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From  the  great  excess  of  Herbivorous  forms,  and  the  position  of  the 
fissure,  the  author  assumed  that  the  latter  lay  in  the  line  of  the  annual 
migrations  of  the  Bison  and  lieindeer,  during  which  some  individuals 
might  fall  in ;  and  he  explained  the  presence  of  the  carnivores  by  their 
having  followed  the  migratory  herds,  in  order  to  prey  upon  stragglers, 
as  is  now  the  case  with  the  Reindeer  in  Siberia,  and  the  Bison  in  North 
America.  He  further  showed,  from  the  examination  of  the  young 
teeth  of  the  Bison  and  Eeindeer,  that  these  animals  must  have  passed 
this  way  at  different  seasons  of  the  year,  and  indicated  that  the  deposit 
most  be  regarded  as  of  Pleistocene  age,  though  whether  pre-  or  post- 
glacial is  an  open  question. 

III. — AiTNTJAL  Geneual  Meeting.  —  February  19,  1875. — John 
Evans,  Esq.,  V.P.R.8.,  President,  in  the  Choir. 

The  Secretary  read  the  Reports  of  the  Council,  and  of  the  Library 
and  Museum  Committee.  The  general  position  of  the  Society  was 
described  as  satisfactory,  although,  owing  to  extraordinary  expenses 
during  the  year,  the  excess  of  income  over  expenditure  was  but  small 
in  comparison  with  former  years.  The  Society  was  said  to  be  pro- 
sperous, and  the  number  of  Fellows  to  be  rapidly  increasing. 

In  presenting  the  Wollaston  Gold  Medal  to  Professor  de  Koninck, 
of  Li^ge,  F.M.G.S.,  the  President  addressed  him  as  follows : — 

Monsieur  le  Docteur  de  Koniack, — ^It  is  my  pleasing  duty  to  place 
m  your  hands  the  Wollaston  Medal,  which  has  been  awarded  to  you 
by  the  Council  of  this  Society  in  recognition  of  your  extensive  and 
Valuable  researches  and  numerous  geological  publications,  especially  in 
Carboniferous  Palajontology.  These  researches  are  so  well  known,  and 
have  gained  you  so  world-wide  a  reputation,  that  I  need  say  no  more 
than  that  your  Pal  aeon  tological  works  must  of  necessity  be  almost 
daily  consulted  by  all  who  are  interested  in  the  fauna  of  the  Carboni- 
ferous period.  Already  in  1853  the  numerous  and  able  Palseontological 
works  which  you  had  published  in  the  preceding  twenty  years  had 
attracted  the  grateful  notice  of  the  Council  of  this  Society,  who  in 
that  year  begged  you  to  accept  the  Balance  of  the  proceeds  of  the 
Wollaston  Fund,  in  aid  of  the  publication  of  your  work  on  Encrinites, 
then  in  progress.  It  was  in  the  same  year  that  the  Society  had  the 
satisfaction  of  electing  you  a  Foreign  Member  of  their  body ;  and  now, 
after  a  second  period  of  rather  more  than  twenty  years  devoted  to  the 
study  not  ouly  of  Geology  and  Palaeontology,  but  also  of  chemical 
analysis,  I  have  the  pleasure  of  conferring  upon  you  the  highest  addi- 
tional honour  it  lies  in  the  power  of  this  Society  to  bestow,  by  pre- 
senting you  with  the  Medal  founded  by  the  illustrious  Wollaaton,  who 
was  himself  also  a  Chemist  as  well  as  a  Geologist.  If  anything  could 
add  to  the  satisfaction  we  feel  in  thus  bestowing  the  Medal,  it  is  your 
presence  among  us  this  day,  which  will  enable  you  more  fully  to 
appreciate  our  unanimous  sense  of  the  high  value  of  your  labours  in 
the  cause  which  we  all  have  at  heart. 

Prof,  de  Koninck,  in  reply,  said :  Monsieur  le  President,  Messieurs, — 
La  langue  Anglaise  m'etant  trop  peu  familiere  pour  me  permettre  de 
m'en  servir,  afin  de  vous  exprimer  toute  ma  reconnaissance  pour  le 
grand  honneur  que  vous  venez  de  me  faire,  en  me  d&cenianlY^^v^i^JK^^ft^ 
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de  Wollaston,  j'esp^re  que  vous  voadrez  bien  me  permettre  dans  If 
circonstance  solennelle  dans  laquelle  je  me  trouve,  de  faire  usage  dc 
I'idiome  dont  on  se  sert  habituellement  dans  mon  pays. 

Laissez  moi  vous  dire  d'abord,  Messiears,  qa*il  m'a  semble  que  mi 
presence  au  milieu  de  voua,  etait  le  plus  sur  moyen  de  voas  douner  Is 
preuve  de  mes  sentiments  de  gratitude  et  du  priz  que  j 'attache  d  h 
distinction  dont  je  vous  suis  redevable. 

Cette  distinction  sera  pour  moi  un  nouvel  encouragement  et  ui 
stimulant  pour  continuer  et  pour  achever,  si  possible,  mes  travaus 
concemant  la  faune  carbonifere  de  mon  pays.  L'etudc  de  cette  faune 
qui  doit  comprendre  plus  de  1200  especes,  m'a  conduit  ^  des  resultat 
tres  remarquables.  J'espere  que  jo  pourrai  bientot  vous  en  foumir  It 
preuve  et  vous  d^montrer  qu'elle  se  compose  de  trois  grands  groupei 
parfaitemcnt  distincts  entre  cux,  quoique  possedant  un  certain  nombn 
d*especes  identiques  et  dont  le  premier  est  presque  exclusivement  form* 
des  especes  recueillies  dans  le  calcaire  de  Tournai,  le  deuxieme  des 
esp^ces  des  environs  de  Dinant,  et  le  troisi^me  de  celles  du  ealcaire  d< 
Vise  et  de  quelques  lambeaux  de  ce  meme  calcaire  des  environs  d( 
Namur. 

Ces  faunes  sont  principalement  representees  chez  vous,  la  premie v( 
in  Irlande,  a  Hook  Point  et  ses  environs,  la  deuxieme  aux  environs  d< 
Dublin,  et  la  troisieme  en  Ecosse  et  au  centre  de  Yorkshire,  ou  elle  t 
ete  Tobject  des  remarquables  rechercbes  de  notre  savant  et  regrett< 
confrere  le  Professeur  J.  Phillips. 

C'est  par  ces  travaux,  Messieurs,  que  je  compte  terminer  ma  carrien 
sciontifKjiie,  si  les  forces  necessaires  et  la  sant^  ne  me  font  pas  defaut 
et  contimiLT  ainsi  a  luuriter  votre  haute  et  impartialc  approbation. 

The  President  then  presented  the  Balance  of  the  proceeds  of  th< 
"Wollaston  Donation  Fund  to  Mr.  L.  C.  ^Nliall,  of  Leeds,  and  ad(lresse( 
him  in  the  following  terms : — 

^fr.  Miall, — I  have  much  pleasure  in  presenting  you  with  the  Balance 
of  the  proceeds  of  the  WoHaston  Fund,  which  has  been  awarded  yoi 
by  the  Council  of  this  Society  to  assist  you  in  your  researches  or 
Fossil  Reptilia. 

Those  who  had  the  good  fortune  to  be  present  at  the  meeting  of  th< 
British  Association  at  Bradford  in  1873,  and  to  hear  the  mastorh 
Ecport  of  the  Committee  on  the  Labyrinthodonts  of  the  Coal-measures 
drawn  up  by  yourself,  and  those  also  who  have  studied  the  Paper 
which  you  have  communicated  to  this  Society  on  the  Remains  o 
Labyrinthodonta  from  the  Keuper  Sandstone  of  "Warwick,  must  b( 
well  aware  of  the  thorough  and  careful  nature  of  your  researches 
carried  on,  I  believe,  in  a  somewhat  isolated  position,  and  remote  frou 
those  aids  which  are  so  readily  accessible  in  the  metropolis  and  som< 
of  our  larger  towns.  1  trust  that  the  proceeds  of  this  fund  which  ] 
have  now  placed  in  your  hands  will  be  regarded  as  a  testimony  of  th« 
interest  which  this  Society  takes  in  your  labours,  and  may  also  prov( 
of  some  assi'=itance  to  you  in  still  further  prosecuting  them. 

Mr.  Miall,  in  reply,  said  that  he  felt  that  his  sincere  thanks  wen 
due  to  the  Geological  Society  for  awarding  him  the  Balance  of  th» 
proceeds  of  the  Wolhiston  Donation  Fund  as  a  token  of  appreciatioi 
of  the  little  work  that  he  had  been  able  to  do,  and  also  to  the  Presiden 
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for  the  terms  in  which  he  had  been  kind  enough  to  speak  of  him. 
He  should  regard  this  donation,  not  only  as  an  honour  received  by  him, 
bat  also  as  a  trast  to  be  expended  to  the  best  of  his  power  in  accord- 
ance with  the  intentions  with  which  it  had  been  conferred  upon  him 
by  the  Society. 

The  President  next  handed  the  Murchison  Medal  to  Mr.  David 
Forbes  for  transmission  to  Mr.  W.  J.  Henwood,  F.R.S.,  F.Q.S.,  and 
spoke  as  follows : — 

Mr.  David  Forbes, — In  placing  the  Murchison  Medal  and  the 
accompanying  cheque  in  your  hands,  to  be  conveyed  to  our  distin- 
guished Fellow,  Mr.  William  Jory  Henwood,  I  must  request  you  to 
express  to  him  our  great  regret  that  he  is  unable  to  attend  personally 
to  receive  it.  His  researches  on  the  metalliferous  deposits,  not  only  of 
Cornwall  and  Devonshire,  but  of  Ireland,  Wales, 'North-western  India, 
North  America,  Chili,  and  Brazil,  extending  as  they  do  to  questions  of 
subterranean  temperature,  electric  currents,  and  the  quantities  of  water 
present  in  mines,  are  recorded  in  memoirs  which  form  text-books  for 
mining  students.  They  have  for  the  most  part  been  contributed  to  the 
Itoyal  Geological  Society  of  Cornwall,  which  has  taken  a  pride  in 
publishing  them ;  but  I  trust  that  it  will  be  a  source  of  satisfaction  to 
Mr.  Henwood,  after  fifty  years  of  laborious  research,  and  amidst  the 
physical  suffering  caused  by  a  protracted  illness,  to  receive  this  token 
of  appreciation  at  the  hands  of  another  Society  which  takes  no  less 
interest  in  the  subjects  of  his  investigations. 

Mr.  David  Forbes  said  that  in  receiving  the  Murchison  Medal,  on 
behalf  of  Mr.  W.  J.  Henwood,  he  was  commissioned  by  that  gentleman 
to  express  his  great  regret  that  the  bad  state  of  his  health  and  his 
advanced  age  prevented  his  appearing  in  person  to  thank  the  Council 
for  the  high  honour  they  had  conferred  upon  him,  and  the  extreme 
gratification  he  felt  in  finding  that  the  results  of  his  labours  in  the 
investigation  of  the  phenomena  of  mineral  veins,  which  had  extended 
over  more  than  fifty  years,  had  thus  been  recognized  by  the  Geological 
Society  of  London. 

The  President  then  presented  to  Prof.  H.  G.  Seeley,  F.G.S.,  the 
Balance  of  the  Murchison  Geological. Fund,  and  said : — 

Mr.  Seeley, — Your  researches  in  Geology  and  on  Fossil  Osteology 
have  now  already  extended  over  a  period  of  upwards  of  sixteen  years, 
and  the  numerous  and  valuable  essays  which  you  have  contributed 
to  the  Annals  and  Magazine  of  Natural  History,  as  well  as  to  the 
Quarterly  Journal  of  this  Society,  are  only  a  portion  of  their  fruits. 
Your  separate  works  on  the  fossil  remains  of  Aves,  Ornithosauria,  and 
Reptilia,  in  the  Woodwardian  Museum  of  Cambridge,  and  on  the 
bones  of  Pterodactyles,  are  well  known  to  every  student  of  fossil 
osteology,  and  have  been  thought  worthy  of  the  by  no  means  empty 
compliment  of  being  printed  at  the  expense  of  the  Syndics  of  the 
University  Press  of  Cambridge. 

The  esteem  in  which  your  researches  are  held  by  the  Council  of  this 
Society,  and  their  hope  that  you  may  still  be  enabled  to  prosecute 
them,  are  best  evinced  by  their  presenting  you  with  the  Balance  of  the 
proceeds  of  the  Murchison  Fund,  which  I  now  have  the  pleasure  of 
placing  in  your  hands. 


* 
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Prof.  Soeley  replied  as  follows : — 

Mr.  President, — I  have  ever  been  taaght  that  the  Goological  Sodrty 
is  itif  fountain  of  geological  hanour.  It  hsa  aln^ays  htxn  a  grc«l  honnar 
to  be  Rsaociated  with  the  Fellows  of  this  Society,  who  are  coustrncting 
thE'  sciences  we  cultivate-  Out  of  thia  aaaociation  hare  grown  bonds 
of  ccimradeship,  encouraging  some  of  di  to  follow  oa  in  the  labour  of 
thoBR  whose  work  is  ended;  and  when,  Sir,  I  receire  at  yonr  hands 
this  uwanl  of  the  Balance  of  llie  Murchison  Fund.  I  am  grateful  for 
auch  a  distinguished  icark  of  sympathy  with  my  special  studies,  and 
shall  be  encouraged  by  it  to  prosecute  researches  which  I  hope  may  be 
better  worthy  of  the  Society's  acceptanco. 

The  President  then  proceeded  to  read  his  Anniversary  Address^  in 
which,  after  congratulating  the  Fellows  upon  their  having  at  length 
got  posN^sion  of  their  new  premises,  he  called  attention  to  the  advant- 
age which  accrued  both  to  the  Fellows  of  the  Society  and  to  the  officers 
of  the  School  of  Mines,  Geological  Survey,  and  Museum  of  FmcticAt 
Geology,  by  the  close  proximity  of  the  two  eiilablishmeiits,  and  ex- 
prea.«ed  a  hope  that  there  might  be  no  severance  of  this  union  wholhei 
by  the  removal  of  the  School  of  Mines  t«  Bonth  Kenmngton  or  other- 
wise. He  also  contrasted  the  position  of  the  Society  as  regards  Funds, 
number  of  Fellows,  etc.,  in  IKiia  and  in  1875,  the  forniL-r  Wm-^  the 
first  year  in  which  the  Anniversary  Meeting  of  the  Society  was  held  in 
the  Society's  rooms  at  Somerset  House.  He  then  took  up  the  main 
subject  of  hia  Address,  namely,  the  question  of  the  autiijuily  of  the 
hitman  race,  and  the  geological  evidence  bearing  upon  it.  The  Address 
was  prefaced  by  some  obituary  notices  of  Fellows  and  Foreign  ilembers 
deceased  during  the  past  year,  including  Prof.  Phillips,  Ur.  F.  Stoliczka, 
the  liev.  C.  King.=ley,  Mr.  J.  W.  Pike,  Dr.  Arnott.  Prof.  W.  Slacdouald, 
M.  Elie  de  Beaumont,  and  M.  J.  J.  d'Omalius  d'Halloy. 

The  Ballot  for  the  Council  and  Officers  was  taken,  and  the  following 
were  duly  elected  for  the  ensuing  year: — Prexident:  John  Evans,  Esq., 
F.K.S.  rke-PreeidrnU:  Prof.  P.  Martin  Duncan,  MB.,  F.lt.S. ; 
Kobert  Etheridge.  Esq..  F.R.S.;  Sir  Charles  Lyell,  Burt.,  D.C.L., 
F.It.S.  ;  Prof.  A.  C.  llamsay,  LL.D.,  F.R.S.  tieerelnriea  :  DaWd 
Forbes,  Esq..  F.U.S. ;  liev.  T.  "Wiltshire,  M.A.  Foreign  Seerctary: 
Wariugton  W.  Smyth,  Esq.,  M.A.,  F.E.S.  Treamier :  3.  Givvn 
Jeffreys,  LL.D..  F.R.S.  Council:  H.  Baacrmnn,  Esq.;  Frederic 
Drew,  Esq. ;  Prof.  P.  Martin  Duncan,  F.R.S.;  Sir  P.  de  It.  G.  Eger- 
ton,  B^frt.,  M.P.,  F.R.S.;  E.  Etheridge,  Esq.,  F.R.S.;  John  Evans, 
Esq.,  F.ILS.,  F.S.A. ;  David  Forbes,  Esq.,  F.R.S. ;  R.  A.  C.  Godwin- 
AuHlen,  Esq.,  F.R.S. ;  Henry  Hicks,  Esq. ;  Prof.  T.  McKenny  Hughes, 
M.A. ;  J.  W.  Hulke,  Esq  ,  F.R.S. ;  J.  Gwyn  Jeffreys,  LL.D.,  F.R.S. ; 
Sir  Charles  Lyell,  Bart..  D.C.L.,  F.R.S.;  C.  J.  A  Meyer,  Esq.;  J. 
Carrick  Moore,  Esq.,  M.A.,  F.R.S. ;  Prof  A.  C.  Ramsiiy,  LL.D., 
F.R.S.  ;  Samuel  Shai-p,  Esq.,  F.S.A.  ;  Wariugton  W.  Smyth,  Esq., 
M.A.,  F.R.S. ;  H.  C.  Sorby,  Esq.,  F.R.S. ;  Prof.  J.  Tennant,  F.C.S. ; 
W,  Whituker,  Esq.,  B.A. ;  Rev.  T.  Wiltshire,  M.A.,  F.L.S. ;  Henry 
Woodward,  Esq.,  F.R.S. 
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MR.  BIRDS  ON  THE  IRISH  GLACIAL  DRIFTS. 

Sib, — In  a  paper  in  the  Geological  Magazine  for  Feburary,  "  On 
the  Post-Pliocene  Formations  of  the  Isle  of  Man,"  the  author,  Mr.  J. 
A.  Birds,  intimates  that  an  Upper  Glacial  Drift  with  aoderlying 
''  Middle  Gravels  "  has  been  proved  to  exist  in  the  east  of  Ireland. 
If,  however,  this  observer  had  read  all  the  evidence  on  the  subject, 
he  would  know  that  if  such  divisions  exist,  they  have  never  yet  been 
found.^  If  such  drifts  exist,  they  ought  to  be  found  in  some  of 
the  cuttings  for  the  numerous  lines  of  railway  that  traverse 
Ireland ;  but  as  yet  no  section  showing  them  has  been  exposed. 
In  the  east  of  the  Island  they  might  be  expected  to  be  found, 
in  the  cuttings  for  the  railways  between  Dublin,  Belfast  and 
Lame,  or  Belfast  and  Newcastle,  or  Dublin  and  Wexford ;  yet  they 
have  not. been  exposed;  and  if  they  did  exist,  they  could  scarcely 
have  been  passed  over  in  the  cuttings  between  Drogheda  and 
Belfast  In  the  Dublin  and  Wexford  railway,  north  of  Killiney 
hill,  and  both  N.  and  S.  of  Bray  Head,  there  are  indeed  Boulder- 
clays,  that  a  casual  observer  might  suspect  to  be  normal  Glacial  Drift; 
but  a  very  slight  examination  ought  to  satisfy  him  that  these  sus- 
pected Upper  Glacial  Drifts  were  members  of  the  Gravel  Drifts ; 
having  been  either  talus,  due  to  the  weathering  of  a  Glacial  Drift  cliff, 
or  slips  from  the  latter,  that  had  covered  sands  and  gi*avels,  which 
had  accumulated  at  the  base  of  the  cliff.  In  the  east  of  Ireland 
the  only  place  where  there  seems  to  be  drifts  at  all  likely  to  be 
Upper  Glacial  Drift  and  Middle  Gravels,  is  at  the  Mourne  mountains, 
on  the  west  coast  of  Dundrum  Bay,  and  in  the  Mourne  Demesne  ;  but 
in  both  places  a  very  brief  examination  will  show  that  the  upper 
member  of  the  sections  cannot  be  normal  Glacial  Drift.  The  writer 
of  the  paper  to  which  I  allude  has  evidently  fallen  into  the  mistake 
made  by  so  many  writers  of  the  present  day  on  Drift, — that  is,  of  in- 
cluding in  Glacial  Drift  all  Boulder-clays,  if  glacialoid,  and  also  the 
associated  gravels  and  the  like  ;  while  it  is  evident  that  all  stratified 
Boulder-clays  cannot  be  normal  Glacial  Drift ;  for  since  the  materials 
were  imbedded  in  ice,  they  must  have  been  re-arranged  by  water ; 
while  many  unstratified  Boulder-clays  cannot  be  normal  Glacial 
Drift,  as  their  present  position  is  due  to  the  slipping  or  weathering 
of  cliffs.  All  gravels,  sands  and  the  like,  cannot  possibly  be  called 
Grlacial  Drift,  as  they  have  been  not  only  re-arranged,  but  also  sorted, 
sifted,  and  transported,  since  they  came  out  of  the  ice. 

If  the  age  of  the  Glacial  Drift  is  allowed  to  be  proved  by  such  loose 
evidence  as  that  which  is  now  so  commonly  in  vogue,  proofs  might 
be  adduced  that  it  is  in  course  of  formation,  even  up  to  the  present  mo- 
ment. In  numerous  places  cliffs  of  Glacial  Drift  exist,  at  the  base 
of  which  sands,  gravels,  alluvium,  and  peat  are  accumulating,  or 
human  works  are  being  constructed.  These  cliffs  in  time  must  form 
slopes,  either  by  weathering  or  slipping  :  and  thereby  cover  up  what 

^  See  Middle  Gravels  (?),  Ireland,  Geol.  Mao.,  1872,  Vol.  IX.  p.  265,  and  Glacialoid 
or  Be-arranged  Glacial  JDrift,  Geol.  Mag.,  March  and  April,  1B74. 
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is  at  their  base.  This  will  prove,  if  the  line  of  argument  at  present 
in  use  be  allowed,  that  all  their  recent  accumulations,  and  even  the 
railways,  are  pre-glacial.  I  have  seen  from  ten  to  twenty  feet  of  as 
good  Glacial  Drift  as  that  from  which  the  existence  of  the  Middle 
Gravels  have  been  proved  (?),  covering  a  recent  railway,  or  some 
other  modem  structure ;  and  I  have  heard  such  covering  pronounced 
"  good  typical  Glacial  Drift "  by  an  eminent  geologist  before  he 
was  pointed  out  what  was  beneadi  it 

G.  Hbnby  Kinahan, 
Wexfobd,  Feb.  6,  1875.  Irish  Branch,  H.M.  Gkol.  Sanrej. 


GEOLOGICAL  SURVEY  OP  YE8S0. 

Sib, — ^Wliile  thanking  you  for  the  kindly  notice  (in  the  last  re- 
ceived number  of  your  Magazine,  October,  1874)  of  my  little  report 
of  a  year  ago  on  the  first  season's  field-work  of  the  Geological  Survey 
of  Yesso,  I  beg  to  make  a  correction  in  the  criticism  on  the  topo- 
graphical-geological method  of  Prof.  Lesley  (chief  of  the  new  Penn- 
sylvania Geological  Survey).  He  should  not  be  blamed  for  tlie 
'*  confusion  and  unsightliness  "  of  the  lines  on  a  map  that  shows  the 
contours  of  the  principal  beds  of  rock  as  well  as  of  the  surface ;  for 
his  maps  are  models  of  clearness  and  taste,  and  even  on  a  large  scale 
commonly  show  for  the  rocks  only  the  outcrop  and  the  lowest  natural 
drainage  level  of  the  beds  of  chief  mining  importance,  and  the  topo- 
graphy is  often  reinforced  by  shading,  besides  the  contour-lines.  The 
addition  of  contour-lines  for  such  beds  above  water-level,  and  to  a  cer- 
tain depth  below,  is  my  own  idea,  and  what  I  fondly  imagined  to  be  an 
improvement,  especially  in  mapping  limited  tracts  of  land  where  the 
owners  wish  to  see  at  a  glance  as  by  a  sort  of  cross-hatching  on  the 
map  what  portion  of  the  ground  is  underlain  by  workable  beds.  In 
many  retrions,  perhaps  most,  it  is  possible  to  draw  such  underground 
contour-lines  with  a  degree  of  accuracy  very  useful  for  practical 
mining  purposes  (one  coal-bed,  for  example,  was  shown  by  a  map  to 
be  at  180  feet  below  the  surface  of  the  ground  at  a  point  three- 
quarters  of  a  mile  from  the  nearest  ex])osure8  of  the  bed,  and  on 
sinking  a  pit  proved  to  be  at  182  feet).  The  rocks  are  not  in  every 
country  tied  up  in  double  l>ow-knots,  as  they  sometimes  seem  to  be 
in  the  Himalayas.  Of  course  it  is  difficult  to  trace  out  such  contor- 
tions, or  to  represent  them  on  a  map  in  any  way  ;  for  even  every  small 
irregularity  in  the  surface-contours  cannot  be  given  on  maps  of  small 
scale. 

It  must  be  admitted  that  to  draw  two  sets  of  contour-lines  on  the 
same  map,  especially  if  both  are  black  for  photographing,  necessarily 
takes  away  somewhat  from  the  good  ap])earMnco  of  either  alone  ;  but 
is  tliere  not  some  compensation  in  the  additional  information  con- 
veyed, and  in  the  display  of  the  relation  of  the  surface-contours  to 
the  underground  contours  at  every  point  ?  It  must  also  be  acknow- 
ledged that  ''  observations  made  at  the  surface  can  only  be  taken  for 
what  tlioy  are  worth,"  and  the  underground  contours  of  a  bed  of 
rock  must  always  be  somewhat  less  certain  than  those  of  the  surface. 
Btlll,  is  it  not  worth  while  for  the  observer  to  give  precisely  what, 
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from  his  study,  seems  to  be  the  trae  position  of  the  beds,  without, 
liowever,  exaggerating  the  certainty  of  such  results  ?  At  any  rate, 
no  matter  how  the  final  map  may  be  drawn,  it  is  hard  to  conceive  of 
any  way  but  Lesley's  (more  or  less  perfectly  followed)  for  making 
oat  a  continuous  section  of  rocks  that  are  exposed  only  at  intervals 
either  on  one  stream  or  on  different  sides  of  a  hill,  if  the  fossils  or 
the  resemblance  of  beds  are  not  (as  commonly  happens)  a  complete 
gaide. 

You  seem  rather  inclined  to  regard  the  hope  that  my  Japanese 
assistants  should  become  accomplished  geologists  ''  in  a  few  years  " 
as  an  ''  Oriental  exaggeration."  But  1  still  see  no  reason  to  attach 
a  special  geological  sense  to  the  expression  ;  though  it  is  not  to  be 
supposed  that  they  could  advance  far  more  rapidly  than  we  self- 
satisfied  Anglo-Saxons.  Most  of  them  can  already  make  topogra- 
phical maps  with  a  facility  tliat  is  unfortunately  rare  not  only  among 
geologists,  but  even  among  railroad  engineers. 

In  speaking  of  the  report  it  would  perhaps  not  be  amiss  to  com- 
mend the  Japanese  for  making  public  even  so  small  a  contribution 
to  geology,  not  only  in  their  own  language,  but  in  one  more  readily 
understood  by  a  foreign  scholar;  the  first  case  of  the  kind  under 
any  native  Asiatic  government.  It  is  still  dgubtful  whether  they 
wUl  be  willing  to  publish  in  like  manner  more  voluminous  local 
details  with  maps  and  sections.  Benj.  Smith  Lyman. 

Kattakushi,  Suiba,  Yedo, 
9<A  January^  1875. 


QUESTIONS  CONCERNING  THE  GEOLOGICAL  ACTION  OF  ICE. 
Addressed  to  the  Officers  of  the  Arctic  Expedition. 

I  HAVE  been  led  by  a  long  series  of  observations  on  the  drifts  and 
boulders  of  the  north  of  England  and  Wales  to  conclude  that  we 
cannot  arrive  at  a  consistent  and  satisfactory  explanation  of  glacial 
phenomena  until  more  light  has  been  thrown  on  many  questions, 
^Jicluding  the  following :  Is  the  interior  of  the  Greenland  ice-sheet  or 
|cc-«^cete  free  from  rocky  debris,  or  is  it  more  or  less  charged  with 
^t?    Is  the  hose  of  the  Greenland  ice  capable  of  pushing  forward 
Vg®  stones  to  great  distances  ?     Is  it  capable  of  holding  stones  of 
^nsiderable  size  firmly  fixed  in  its  grasp,  or  of  polishing  and  uni- 
formly st dating  any  stones  not  fixed  in  the  subjacent  ground  ?  What 
^  the  state  of  the  base  of  icebergs  as  regards  being  charged  with  clay, 
^^d,  small  stones,  or  large  boulders  ?     Can  a  grounding  iceberg  give 
*  I'ounded  as  well  as  a  flat  shape  to  the  surface  of  submarine  rocks,  or, 
^hile  endeavouring  to  regain  its  normal  level,  striate  a  rock -surface 
^Own-hill  ?     Can  a  revolving  iceberg  scoop  out  a  hollow  in  the  rocky 
^ttom  of  the  sea?     To  wliat  extent  can  coast-ice  transport  earth, 
atones,  and  largo  boulders  ?     Are  there  any  instances,  in  the  Arctic 
^gions,  of  floating  coast-ice  radiating  from  islands  so  as  to  distribute 
^CKjky  debris  over  an  area  of  90  degrees  ?     Are  there  any  conditions 
^Xider  which   floating  coast-ice,  "  charged  throughout  with  detrital 
^*^tter/'  may  deposit  dome-shaped  masses  of  concentrically -^^Viscj^    ^ 
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laminaB,  or  masses  of  alternately  fine  and  ooarse  detritus  in  an  irre- 
gular and  complicated  order  of  succession  ?  To  what  extent  does 
moving  or  floating  coast-ice  smooth  and  striate  rock-surfaoes,  or  give 
rise  to  rochea  moutonnies  ?  To  what  extent  may  moving  or  floating 
coast-ice,  while  grounding,  be  capable  of  flattening  and  smoothing 
the  pebbles  fixed  in  its  base  ?  Can  it  produce  a  series  of  dearly-cut 
and  parallel  grooves  on  the  flattened  surface?  In  the  marine 
Boulder-clay  of  Cheshire  there  are  many  pebbles  which  have  been 
flattened  and  uniformly  striated  on  two  opposite  sides.  Are  there  any 
conditions  under  which  the  mode  of  action  of  moving  or  floating 
coast-ice  may  be  supposed  capable  of  giving  rise  to  such  a  pheno- 
menon ?  How  far,  in  the  Arctic  Seas,  is  the  course  of  surface-currents 
carrying  sea-ice  crossed  by  that  of  under-current«  carrying  icebergs  ? 
Do  these  currents  ever  flow  in  diametrically  opposite  directions  ? 

2,  Abbey  Couet,  Chester.  D»  MACKINTOSH,  F.G.S. 

:M:isoEijii-A.n5rEOTJS. 

»  

The  Chair  of  Natural  History  in  the  University  of  St  Andrews 
has  been  offered  to  and  accepted  by  Professor  Alleyne  Nicholson,  of 
the  College  of  Physical  Science,  Newcastle-on-Tyne.  Dr.  Nicholson 
was  in  no  way  a  candidate,  directly  or  indirectly,  for  this  appoint- 
ment ;  but  in  thus  offering  it  to  him  unsolicited,  the  Marquess  of 
Ailsa  has  the  cordial  approbation  of  the  University  authorities,  and 
may  be  congratulated  in  securing  for  the  chair,  of  which  ho  is 
patron,  so  distinguished  a  naturalist  and  professor,  whose  experience 
extends  over  two  continents. — ^Scotsman,  February  22,  1875. 

Sub-aerial  DENUDATroN'. — In  the  Registrar  -  General's  annual 
return  for  1872,  which  was  printed  ISIarcli  10th,  attention  is  drawn 
to  the  excessive  rain-fall.  The  total  fall  of  rain  was  enormous,  and 
each  of  the  last  three  montlis  of  the  year  showed  an  excess.  During 
the  quarter  rain  had  fallen  at  Greenwich  on  sixty-seven  days,  a 
greater  number  than  liad  been  previously  experienced  as  far  back  as 
the  year  1815.  The  total  fall  in  the  sixty-seven  days  amounted  to 
11-32  inches.  It  has  been  shown  that  an  inch  deep  of  rain  weighs 
nearly  101  tons  per  acre,  so  that  upwards  of  1,100  tons  of  water 
fell  in  the  last  three  months  of  the  year  on  each  of  the  37,000,000 
acres  of  England  and  Wales  I — Dai/i/  Neics^  11th  March,  1875. 

The  Lyell  Medal  and  Fund. — Sir  Charles  Lyell  has  be<]ueathed 
to  the  Geological  Society  of  London  the  sum  of  £2000,  together  with 
the  die  of  a  medal,  to  be  called  ''the  Lyell  ^ledal.''  Not  less  than 
one-tliird  of  the  annual  proceeds  of  the  Fund  is  to  l)e  awarded  with 
the  Medal.  The  Balance  to  l)e  given  in  any  proportions  that  the 
Council  may  sec  fit.  The  recipients  may  be  of  either  sex,  and  of 
any  country  ;  and  the  award  may  be  made  for  work  done,  or  to  assist 
in  ])resent  researches,  or  for  memoirs  on  Geology  and  the  allied 
sciences.  The  bequest  and  the  terms  in  which  it  is  made  are  alike 
wortliy  of  so  great  a  name  as  that  of  Lyell. 
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I. — ^Thk  Ssaboh  tob  Coal  under  the  "Bed  Rooks"  of  the 

South  Staffoudshibb  Coal-field. 

By  Chaklbs  Kbtlbt,  Esq. 

IT  is  now  fifteen  years  since  the  appearance  of  the  second  edition 
of  the  late  Professor  Jukes*s  memoir  on  the  Geology  of  the 
South  Staffordshire  Coal-field.  The  author  observed  in  his  preface 
that  a  revision  of  his  work  had  been  rendered  necessary  by  the 
opening  of  many  new  mines  and  cuttings  of  various  kinds  which  had 
i^orded  fresh  information  on  points  that  had  previously  been  obscure. 
He  mentioned,  for  instance,  certain  red  clays  and  sandstones  occur- 
ring at  Walsall  Wood,  and  at  other  places  which  were  at  first  sup- 
posed to  belong  to  the  New  Red  Sandstone,  afterwards  believed  to  be 
Permian,  but  were  ultimately  decided  to  be  Coal-measures. 

Similar  terms  would  now  help  to  show  the  necessity  for  a  third 
edition.  New  sinkings  have  afforded  new  information,  and  certain 
other  red  beds  believed  to  be  Permian  have  proved  to  be  Coal- 
measures. 

Whoever  undertakes  the  revision  and  the  supplementary  work  for 
a  new  edition  will  find  abundant  material,  and  among  the  sinkings 
claiming  his  attention  will  bo  that,  recently  completed,  through  the 
red  rocks  of  West  Bromwich,  at  Sandwell  Park,  on  the  estate  of  the 
Earl  of  Dartmouth. 

In  connexion  with  these  red  rocks  a  passing  notice  may  be  made 
of  the  first  search  for  Coal,  thirty-six  years  ago,  by  the  late  Earl  of 
Dartmouth,  who,  in  the  face  of  the  prevailing  belief  that  no  Coal 
existed  under  the  red  rocks,  sunk  his  famous  Heath  Pits.  These 
were  commenced  at  the  suggestion  of  his  principal  agent,  Mr.  Daw- 
son, a  gentleman  who,  without  being  versed  in  mining  affairs,  simply 
applied,  in  this  case,  the  knowledge  he  had  derived  from  geological 
writings,  especially  those  of  Sir  Roderick  Murchison.  That  cele- 
brated geologist,  from  observations  made  in  the  old  Coal-field,  had 
inferred  the  existence  of  Coal  under  the  "Lower  New  Red  Sandstone," 
as  the  red  rocks  on  the  margin  of  the  Coal-field  were  then  named- 
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Lord  Dartmouth's  experiment^  rnnbh  ridioolad  by  pnotioal  miners, 
was  ultimately  suooessM,  and  was  the  beginnfaig  of  the  opening  up 
of  a  new  tract  of  Goal-measures  three-barters  of  a  mile  in  widfii» 
extending  from  the  ''Eastern  Bounduy  £!anlt"  to  the  Heath  Pits. 
This  addition  to  the  produotiTe  area  of  the  Ooal-field  has  sihoe  been 
extensively  worked  by  numeroos  sinkings^  some  of  which  are  nofioed 
below. 

But  while  the  Heath  sinking  had  established  ihe  existenoeof  CSoal 
under  the  Lower  New  Bed  Sandstone,  and  beyond  what  was  formerly 
oonsidered  the  eastern  barrier  of  the  Ooal-field^  it  seemed  to  prore 
also  the  existenoe  of  another  **  barrier.**  There  was  no  ''tfaibk'^Ooal 
in  the  shaft  of  the  Heath  Pit;  thin  ooals  only  were  fonnd,  and  it  oame 
to  be  concluded  that  these  occupied  the  puuoe  of  the  tfaiok  Goal,  or 
represented  its  thinning  out  In  search  of  the  thick  Goal,  a  **  head- 
ing "  from  the  shaft  was  driven  eastwardi  and  at  the  e^remity  of 
ihu  a  boring  vas  made  upwards,  striking  '*red  rook,"  and  another 
boring  was  made  downwaras,  reaching  a  hard  rook,  which  afterwards 
was  believed  to  be  of  Silurian  age.  After  these  unsuooecsful  at- 
tempts, one  of  the  thin  coals  in  the  shaft  was  followed  to  the  west, 
in  the  direction  of  the  old  Goal-field,  and  that  led  into  the  thick  GoaL 

Sir  Boderick  Murohison  concluded  that  ths  shaft  proyed  to  be  sunk 
upon  a  line  of  dislocation,  the  prolongation  of  the  upcast  of  the  SKlu- 
rian  rocks  of  Walsall  and  Tame  Bridge. 

Professor  Jukes  considered  there  was  a  sudden  rise  of  Silurian 
rocks  through  the  Coal-measures  forming  a  bank,  the  existence  of 
which  had  been  favourable  to  the  formation  of  sandstone  and  the 
accumulation  of  clay,  but  unfavourable  to  the  formation  of  Coal. 
From  Silurian  shale  having  been  found  in  a  coal-pit  at  Langley 
Mill,  Oldbury,  he  supposed  the  bank  to  be  continuous  for  that 
distance,  about  three  miles,  and  he  indicated  the  prubable  course  of 
it  by  a  dotted  line  drawn  on  the  map  of  the  Geological  Survey. 

Professor  Hull  looked  upon  this  Silurian  bank  as  part  of  the 
original  margin  of  the  Coal-field,  and  supposed  it  might  be  traced 
southwards  to  the  Lickey  district.  He  held  that  east  of  this  margin 
there  could  be  no  Coal. 

There  were  different  opinions  as  to  what  lay  east  of  this  Silurian 
bank,  but  none  were  favourable  to  the  existence  of  workable  Coal- 
measures.  The  sections  of  the  following  sinkings,  in  the  tract  above 
referred  to,  were  supposed  to  show  varying  thicknesses  of  red  rocks, 
held  to  be  Permian,  overlying  varying  thicknesses  of  recognized 
Coal-measures  supposed  to  have  been  denuded.  Eeasoning  from 
these  and  other  appearances,  it  was  concluded  that  further  eastward 
a  still  greater  thickness  of  Permian  beds  rested  upon  Coal-measures 
still  more  denuded : — 

Permian  over  Coal-measures 

Coal-measures.         over  thick  Coal. 

Lewisham  Pits 3L5  feet    620  feet 

Lvng  Colliery 550    „      350    „ 

Heath  Pits        806    „      40    „ 

Bullock's  Farm  Pits 700    „      330    „ 

Uiutt's  Boriug  at  the  ^*  Buck  of  Stones  "  664    „      Abandoned. 
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The  position  of  the  boring  at  the  "  Enck  of  Stones  "  was  more 
than  a  mile  east  of  Bullock's  Farm  Pit,  and  the  general  rise  of  the 
strata  to  the  west  being  at  an  angle  of  about  10  degrees,  it  followed 
that  a  good  part,  if  not  the  whole  of  the  700  feet  of  Permian  at 
Bollock's  Farm,  must  be  below  the  660  feet  passed  through  at  the 
"  Ruck  of  Stones,"  from  which  Jukes  concluded  ''  there  must  be  in 
the  neighbourhood  of  West  Bromwich  a  total  thickness  of  1500  feet 
at  the  very  least,  composed  of  rocks  ef  the  Permian  formation." 
(South  Staffordshire  Coal-field,  page  12.) 

After  pointing  out  that  in  the  southern  part  of  the  Coal-field  we 
have  nearly  or  quite  a  thousand  feet  of  Coal-measures  over  the  thick 
Coal,  without  including  any  Permian,  Jukes  remarks  upon  the  lesser 
thicknesses  ef  Coal-measures  shown  in  the  above  sections  :  "We  have 
in  these  facts  a  clear  case  of  unoonformability  between  the  Permian 
beds  and  the  Coal-measures.  We  see  that  after  the  Coal-measures 
had  been  deposited  they  had  suffered  largely  and  very  irregularly 
from  denudation,  several  thousand  feet  of  strata  having  been  removed 
from  one  place,  which  were  left,  untouched  at  another,  before  the 
Permian  beds  had  begun  to  be  deposited  upon  them."  .  .  .  ''It 
is  perhaps  rash  to  generalize  from  the  very  scanty  data  we  possess  as 
to  the  precise  relations  between  the  Permian  and  Coal-measures. 
On  so  important  a  point,  however,  it  is,  I  believe,  a  duty  to  state 
every  opinion  that  may  be  fairly  arrived  at.  I  will  therefore  state,  as 
my  belief,  that  not  only  near  West  Bromwich,  but  generally  in  South 
Staffordshire  and  the  adjoining  counties,  the  Coal-measures  suffered 
very  generally  from  denudation  before  the  deposition  of  the  Permian, 
and  that  the  Bed  Sandstones  of  that  fomiation  were  largely  deposited 
in  hollows  and  excavations  worn  in  the  Coal-measures  by  this 
denudation;  and,  moreover,  that  this  excavation  and  denudation  had 
in  places  proceeded  to  the  length  of  being  continued  nght  through 
the  Coal-measures  down  to  the  rocks  below."  (South  Staffordshire 
Coal-field,  page  13r>.)  And  he  says  further,  "  It  is  probable  that  a 
little  further  east  of  the  Heath  Pits,  the  Coal-measures  are  entirely 
wanting,  and  the  *  rod  rocks '  of  tlie  Permian  formation  rest  directly 
on  the  shale  or  'bavin*  of  the  Silurian  formation.  This,  then, 
would  be  one  of  those  cases  where  the  denudation  of  the  Coal- 
measures  had  proceeded  the  length  of  totally  removing  that  entire 
series  of  rocks  previously  to  the  deposition  of  the  Pennian  beds." 
(South  Staffordshire  Coal-field,  p.  139.) 

The  conclusions  then  of  some  of  the  highest  geological  authorities 
were  that  a  Silurian  bank,  running  north  and  south  from  West 
Bromwich,  cut  off  the  Coal,  and  that  east  of  that  bank  a  great 
thickness  of  Permian  rocks  would  be  found  to  overlie  denuded  C<^al- 
measures,  or  else  to  rest  upon  older  rocks.  This  view  of  the  case  is 
well  shown  in  the  following  horizontal  section  taken  from  the  (leo- 
lo^^'cal  Survey,  Sheet  2o,  No.  7  E.  and  W.,  "  through  Kiugswinford, 
Dudley,  and  West  Bromwich."     (See  page  19G.) 

Or,  supposing  there  had  been  no  denmlation,  and  the  rocks  to  lie 
in  their  natural  thicknesses,  then  any  one  sinking  for  Coal  was  warned 
that  he  must  calculate  upon  the  possibility  of  having  to  ^o  Wvcow^ 
1500  feet  of  Fermian  and  1000  feet  of  Upper  Coal-measMT^ft,\«SjQR 
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reaobing  the    place  of  the     i     ^_    .-     ,  --a 
thick  Coal.  a     II    12    1^1 

So  long  a  time  having 
elapsed  after  the  publication  | 

of    these    opinions  without  o 

further  trial  heing  made  to  g 
find  Coal  under  the  led  rooks  £ 
proves  how  genenill;  the  :j 
warning  had  been  taken.  | 
At  lost  the  Sandwell  Park  | 
Colhery  Company,  under  the  " 
guidance  of  Mr.  Henry 
John  SOS,  ventured  to  try  this 
doubtful  ground ;   and  their  S 

enterprise  has  been  rewarded  g 

by  the  finding  of  the  thick  -£ 

Coal,  as  well  as  other  Coals  . .  | 
and  IroiiBtones  common  to  ^£.  £ 
the  old  Coal-field.  ||| 

Besides    yielding    to    the      St* 
explorers  the  object  of  their      h^S 
search,  the  Sandwell  sinking     i^ 
has    afforded    evidence     en- 
abling uB    to  perceive    that 
fill)   red   rocka   of  Bullock's 
Farm    and   the   other    West 
Bromwidi  Binkiuga  hitherto  "S 

classed  as  Permian  are  in  fact  | 

Coal-iucasurcs.  ^ 

In  the  Sandwoll  shaft,  at 
the  depth  of  110  j'arilM,  in  red 
measures,  were  found  nume- 
rous fossil  plants,  that  on 
being  subiiiilted  to  proper 
atitheritioB  for  esamination 
were  [jrononnced  to  be  Per- 
mian. At  200  yards  a  seam 
of  Coal  Beven  inches  in  thick- 
ness was  fonnd;  overlying 
the  Coal  was  a  black  siiale  full 
of  fossil  plants,  and  under- 
neath the  Coal  was  a  bed  of 
fire-clay  containing  ^figma- 
ria.       IScvcial  of  Ibe  jibuits  £ 

in     the     ro()f-sli.tlo    ni     200  u 

yards priivrd  tobespecifically 
idenliual  with  otbors  itmnng 
tbosu  fouTiil  in  the  red  beds 
nl  ovo      iiitntioLieii,    slLOwirig       ^ 
that    lit     Ihti     depth    of   110      | 
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yards,  if  not  earlier,  the  sinkers  entered  the  Coal-measures.  A 
second  seam  of  Coal  six  inches  thick  was  met  with  at  230  yards, 
and  a  third  seam  of  the  same  thickness  at  the  depth  of  244  yards. 
From  this  third  Coal  to  the  thick  Coal  the  depth  was  174  yards.    ' 

As  to  the  110  yards  overlying  the  first  observed  fossils,  it  seems 
that,  if  any  Permian  beds  form  a  part  of  that  thickness,  they  are 
wanting  in  those  characters  by  which  we  have  been  accustomed  to 
distinguish  the  Lower  Permian  rocks  from  the  Coal-measures. 

Sandwell  Pit,  being  one  mile  east  of  Bullock's  Farm  Pits,  and 
all  the  beds  rising  to  the  west,  it  follows  that  the  red  beds  of  Bul- 
lock's Farm  and  the  other  West  Bromwich  sinkings,  rise  from  beneath 
the  Upper  Coal-measures  of  SandwelL  So  that  there  is  not,  as 
there  was  supposed  to  be,  a  great  thickness  of  Permian  beds  deposited 
upon  denuded  Coal-measures,  or  occupying  the  place  of  Coal-measures 
entirely  swept  away,  or  resting  upon  older  rocks.  On  the  contrary, 
we  have  Coal-measures  throughout  the  greater  part  of  the  sinkings. 

Thus,  with  respect  to  the  red  rocks  of  West  Bromwich,  the  Sand- 
well sinking  teaches  that  the  position  in  the  geological  scale  of,  at 
least,  the  greater  part  of  them  had  been  misunderstood  for  want  of 
better  evidence,  and  that  they  are  not  Permian,  but  Coal-measures. 

It  must  be  evident  there  is  more  in  this  fact  than  a  mere  change 
in  classification,  and  that  it  is  of  great  interest  and  importance  as 
bearing  upon  the  question  regarding  the  depth  of  the  Carboniferous 
rocks,  "  not  only  near  West  Bromwich,  but,"  perhaps,  "  generally  in 
South  Staffordshire  and  the  adjoining  counties." 

The  opinion  of  Professor  Jukes  as  to  the  thickness  of  the  Permians 
and  of  the  Coal-measures,  quoted  above,  was  based  principally  upon 
the  evidence  afforded  by  Bullock's  Farm  and  the  other  West  Brom- 
wich sinkings.  In  his  chapter  on  the  Permian  rocks  of  the  South 
Staffordshire  Coal-field,  he  says : — "  There  are  two  parts  of  the  dis- 
trict, from  the  examination  of  which  it  is  possible  to  arrive  at  a 
tolerably  complete  notion  of  the  structure  and  sequence  of  the  Per- 
mian rocks,  namely,  the  country  about  the  Lickey  and  the  Clent 
Hills,  and  the  neighbourhood  of  West  Bromwich."  (South  Stafford- 
shire Coal-field,  page  9.)  In  estimating  the  depth  at  which  profit- 
able Coal-measures  might  lie,  the  thickness  of  red  rocks,  which  was 
known  approximately,  was  added  to  an  almost  equal  thickness  for 
Upper  Coal-measures  supposed  to  underlie  the  red  rocks ;  but  now  that 
the  red  rocks  themselves  prove  to  be  Upper  Coal-measures,  we  see 
that  the  thickness  of  the  Upper  Coal-measures  has  been  reckoned 
twice  over.  Had  Jukes  possessed  such  evidence  as  Sandwell  now 
gives,  not  only  would  he  have  seen  the  probability  of  Coal  under- 
lying extensive  untried  tracts,  but  his  estimate  of  the  depth  at  which 
the  Coal  might  be  won  would  have  been  reduced  by  leaving  out  a 
great  part  of  the  1500  feet  reckoned  for  the  thickness  of  the  Permian. 

The  Sandwell  section  exhibits  a  greater  thickness  of  Coal-measures 
over  the  thick  Coal  than  had  been  opened  up  previously.  Its  highest 
beds  appear  to  be  new.  The  three  little  Coals  were  not  before 
known  as  a  series,  but  it  is  probable  the  9 -inch  Coal  met  with  in 
Bullock's  Farm  Shaft  at  70  yards  from  the  surface  is  one  of  t\i^ 
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•eries.   Probably ,  in  ofber  Motions  in  YarioM  pazto  0^ 
■ome  of  these  hi^^ier  Ooal-nessares  may  be  tnoed,  si^ggeatiqg  fliat  s 
rnuoh  greater  thiokness  of  Uppsr  Oofal-measores  ttan  ine  at  present 
know  of  spread  over  the  ^wbob  estsnt  of  tibe  Cloal*fiald  provuHis  to 
its  elevation  and  denudation. 

Stimulated  \^  the  Sandwell  snooess»  other  oompanisa  aie  farming 
to  fieaioh  for  Goal  under  the  red  rodcs  of  laigs.eslatsssitQSlastitt 
farther  away  from  the  "eastern  bonndaiy*'  -of  the  <dd  Ooal-flsUI 
than  Sandwell.  Is  it  not  probable  that  still  Ing^bet  Oosl-measiinB 
may  be  reoognised?  Tb  it  not  possible  that  As  Sjfkwkk  Xhifi^ifip 
may  yet  be  foond  over  all,  to  prove  the  relation  iMtvean  tiba  S^pdi 
StaJfordshire  and  the  Warwidkshire  Ooal^fldds  on  ffais  onS:kiiM^  «nd 
the  Wyie  Forest  Ooal-field  on  the  other?  .     . 

I 

n.— J^H  THn  Qkma  ApamauinA 
ByJ.  Stabku  Gabiwsb,  F.G.B. 

(PIATE  VI.). 
lOontkumi  frmm  pti§$  ISO.) 

Oboup  4. — Spire  moderately  long,  generally  wiflioiit  mmm^ 
always  ribbed  transversely.  Wing  ei^MUiided  and  qoadrata^:  pro- 
longed posteriorly  into  a  sharp  point 

Zyps.* — ^^  jPoflmiioiM. 

Apobbhais  maboinata,  Sowerby.    PL  YI.  Figs.  1,  2/& 

Synonym :  A.  Orbignyana,  Pictet,  and  Roux. 

Descripiion, — Shell  elongated,  the  spire  forming  an  angle  of  S8* 
and  measuring  *046 :  composed  of  eight  convex  angulated  whorls» 
which  are  closely  covered  with  spiral  strias,  each  alternate  one  being 
nearly  twice  as  prominent  as  the  intervening  one.  The  whorls  are 
ornamented  by  short  elongated  ribs,  which  are  nodose  and  tuber- 
cular on  the  lower,  but  thin  and  linear  on  the  upper  whorls, 
and  more  numerous  and  very  fine  towards  the  apex.  These  ribs 
have  an  occasional  tendency  to  form  varices.  On  the  body- 
whorl  there  are  two  more  or  less  distinct  rows  of  tuberoular  nodes ; 
the  uppermost  row,  being  the  more  important,  is  continued  in  the 
form  of  a  tuberculated  ridge  on  the  wing  process.  The  wing  is  large, 
broad  and  quadrate,  and  thickened  in  the  same  manner  as  in  the 
recent  A.  pes-pelicani,  which  our  shell  much  resembles.  It  is  sinuous 
at  its  margin,  and  terminates  anteriorly  in  a  blunt  process;  posteriorly 
ending  in  a  long  and  rather  recurved  sabre-shaped  spike,  deeply 
grooved  ventrally.  Between  this  and  the  margin  of  the  remainder 
of  the  wing  is  a  sinus.  The  mouth  is  narrow,  and  shaped,  as  in 
A.  pes-pelicani,  like  a  lance-head  point  downwards.  The  anterior 
canal  is  moderately  long,  *021,  delicate  and  straight.  The  inner  lip 
and  underside  of  the  pterygoid  process  are  enamelled ;  length  of  the 
wing  to  the  end  of  spike  is  •032.  Fig.  3  represents  a  variety  from 
an  upper  bed  in  which  the  ribs  continue  thin  and  linear  to  the  last 
whorl,  instead  of  being  nodose  or  tubercular. 

Digiribution. — Found  most  abundantly  at  Folkestone,  where  it 
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oocnrs  in  all  the  beds  of  the  Gktult;  also  at  Lyme  Be^s  and  Cambridge ; 
on  the  Continent  it  is  fomid  in  the  Paris  and  Mediterranean  basins, 
Switzerland,  and  at  most  places  where  the  Gault  occurs.  Specimens 
with  exaggerated  varices  are  met  with  at  St.  Florentin. 

History, — It  was  named  B,  marginaia  by  Sowerby  in  1836,  who 
figured  a  fragment  of  the  spire  in  the  Qeol.  Trans,  vol.  iv.  pi.  11,  fig. 
18,  pp.  114  and  365,  from  the  Gault  of  Kent.  His  description  is, 
however,  not  clear,  and  applies  equally  to  A.  carinata.  The  figure 
is  drawn  from  a  specimen  which  has  the  shell  partly  preserved  in 
the  spire,  but  only  the  cast  of  the  body- whorl  remains ;  in  conse- 
quence of  this,  and  of  the  want  of  clearness  in  the  engraving,  the 
second  anterior  keel  scarcely  shows.  As  a  result,  and  from  no 
mention  being  made  in  the  description  of  the  two  keels,  all 
Continental  and  most  English  writers,  supposing  Sowerby's  form  to 
have  but  one  keel,  re-named  the  species  A,  Orhignyana,  which 
really  is  invariably  bicarinated.  In  the  same  year,  1836,  Michelin, 
in  the  Mem.  Soc.  Geol.  t  iii.  p.  100,  quoted  Sowerby's  description, 
but  named  the  shell  B.  costata.  In  1838  D*Archiac  included  B, 
wuLrginata  in  his  lists  from  Novion  and  St -Pot ;  and  in  1842 
Leymerie  notices  it  from  Ervy.  Again,  in  1842,  D'Orbigny  figured 
it  as  B,  Parkinsoni  (not  of  Mantell)  in  the  Terr.  Crfet,  adding  a 
variety  of  localities  to  those  previously  known.  In  1850  he  entered 
it  in  the  Prodrome,  both  as  B,  costata  and  as  B,  suhmargtnata.  In 
1849  we  find  this  shell  named  B,  cartnella  (not  D'Orb.)  by  Pictet 
and  Eoux,  who  figured  it  from  the  Gault  of  Saxonnet,  etc. ;  but  in 
1853  they  re-named  it  B.  Orbtgnyanaf  a  name  by  which  it  has  since 
been  generally  known.  It  has  been  cited  under  various  names, 
generally  as  B.  costata^  by  many  authors.  In  1857  by  D'Archaic 
from  the  Pas-de-Calais;  in  1853  by  Studer  from  Ste.-Croix;  in  1854 
by  Renevier  from  the  Perte-du-Rhone ;  in  1854  by  Cotteau,  and  in 
1857  by  Raulin  and  Leymerie,  fi-om  the  Yonne ;  and  in  1857  by 
Ebray  from  Cosne.  In  Morris's  Catalogue,  1854,  it  is  called  mar- 
gtnata.  From  1859  it  has  been  known  exclusively  to  European 
authors  under  its  specific  name  of  Orhignyana ;  see  Desor  and 
Gressly,  Pictet  and  Campiche,  Gabb,  Jaccard,  etc.  In  1864  Pictet 
and  Campiche  described  a  variety  as  A.  ohtusay  but  it  is  possible  that 
their  specimens  may  have  been  casts  of  A.  maryinata ;  whilst  perhaps 
some  of  the  more  elongated  casts,  they  thought  to  be  of  Orhignyana, 
are  A.  carinatay  a  species  otherwise  absent  in  Switzerland.  In  1865 
Mr.  H.  Tate  described  this  and  marginaia  as  separate  species,  failing 
to  see  that  they  were  identical.^ 

Pictet  and  Campiche  adopted  Sowerby 's  name  marginata,  and  ap- 
plied it  to  a  species  with  a  single  keel  on  the  body-whorl,  a  form 
which  their  ^g.  2,  pi.  xciv.,  shows  to  be  identical  with  A.  maxima  of 
Price.  Their  statement,  that  they  "  possess  specimens  from  Folke- 
stone which  prove  the  identity  of  this  type  with  ours,"  is  difficult  to 
reconcile  with  their  figures  and  descriptions ;  it  is,  however,  abso- 
lutely certain  that  Sowerhy^s  marginaia  is  identical  with  Orhignyana 
of  Fictet  and  Boux, 

^  Geol.  and  Nat.  Hist.  Repertory,  1865. 
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The  form  of  the  shell  recalls  A.  Parlcinaoni,  Mant,  with  which 
I  have  grouped  it,  but  the  tiiberculated  nodes,  thickness,  and  dififer- 
enee  in  form  of  wing,  and  the  nodosely  keeled  appearance  of  the  last 
whorl,  are  charact^ers  which  should  have  rendered  confusion  im- 
possible. 

The  following  are  closely  allied  species,  and  are  fix)m  the  Oault : — 
A.Brunensis,  D'Orb. ;  A/fmiformiSy  P.  andB.;  A,  pseudosubulata, 
d'Orb. ;  A,  obtusa,  P.  and  C. ;  A.  Varmensis,  d'Orb. 

Apohrhais  Parkinsoni,  Mantell.     PI.  VI.  Figs.  4,  6,  6,  7. 

Description, — Shell  elongated  ;  the  spire  forming  an  angle  of  about 
30°,  is  composed  of  9  or  10  convex  whorls,  which  are  finely  striated  spi- 
rally, the  st  ria9  being  sometimes  wider  apart  in  front  of  the  suture.  Each 
whorl  is  rather  irregularly  ornamented  by  16  to  20  or  more,  slightly 
flexuous,  slender  ribs,  which  have,  though  rarely,  a  tendency  to  pro- 
duce varices.  The  body- whorl  is  wholly  destitute  of  carinas,  and  is 
prolonged  in  a  broad  rounded  expansion  obliquely  truncated  at  the 
extremity  and  sinuous  at  its  anterior  margin,  where  it  unites  with 
the  canal ;  there  is  at  the  posterior  margin  a  deep  sinus  equal  to 
half  the  length  of  the  wing,  and  above  this  sinus  is  a  long  recurved 
canaliculated  point,  in  some  species  nearly  equal  to  the  length  of  the 
spire  and  accompanying  it,  but  at  a  considerable  angle.  On  the 
wings  the  continuation  of  the  stria?  is  interrupted  and  disconnected  by 
rather  strongly  marked  lines  of  growth  crossing  them,  giving  it  a 
somewhat  reticulated  appearance.  The  wing  is  much  thinner  than 
in  A.  manjinafa.  The  aperture  is  narrow,  and  the  anterior  canal 
nioderatoly  long. 

The  Blackilown  specimens  are  usually  of  rather  smaller  size,  the 
ribs  sliglitly  more  prominent,  and  with  a  greater  tendency  to  produce 
varices.  The  sinus  in  the  wing  is  not  so  deep,  and  the  anterior  canal 
is  shorter. 

This  species  is  easily  distinguished  from  all  others  of  the  Gault 
by  the  rounded  appearance  of  the  last  whorl,  its  elongated  ribs,  and 
by  the  form  of  the  wing.  The  superior  ])rominence  of  the  stria?  in 
front  of  the  sutures  is  not  an  important  character,  although  considered 
to  be  such  by  Pictet.  A  number  of  similar  forms  are  described  by 
Continental  authors,  none  of  which  api)ear  to  be  identical  with  this 
or  the  next  species.  Tliis  form  of  shell  seems  more  especially  to 
chamcterize  the  Chalk,  representatives  being  found  in  all  parts  of 
Euroi)e.     It  is  very  like  A.  occidenta/is  of  recent  times. 

Distribution. — It  is  found  abundantly  at  Folkestone,  Cambridge, 
an<l  Blackdown ;  also  at  Sidmonth,  and  in  the  ferruginous  nodules  of 
Shanklin  and  other  Lower  Grcensand  (Xeocomian)  localities.  Fitton 
and  ]\Iantell  give  it  an  extended  range  in  the  Chalk,  but  this  range 
belongs  more  probably  to  the  next  species.  On  the  Continent  it  is 
common  to  the  Gault  of  the  Paris  and  Mediterranean  Basins,  and 
to  Switzorland.  Specimens  from  St.  Florentin  have  extravagant 
sutuies,  and  approach  A.  Mnnfelli  by  the  prominence  of  their  ribbing. 

History. — This    species    was    first  figured    by  Parkinson  in  his 

Organic  Kcniains,  1811,  vol.  iii.  p.  G3,  pi.  5,  f.  11,  from  a  Blacldown 

8j)ecimen,     In    IS22  Mantell,  in  tho  Geology  of  Sussex,  p.  72,  de- 
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scribed  a  Blackdown  specimen,  and  also,  p.  108,  one  from  the  Grey 
Chalk.  He  says :  ''  This  species  occurs  in  the  Greensand  of  Devon- 
shire, and  is  figured  in  the  third  vohime  of  Organic  Bemains.  As  it 
has  not  received  a  specific  appellation,  I  have  named  it  from  my 
excellent  friend  James  Parkinson,  Esq.,  M.G.S."  It  is  therefore 
evident  that,  although  he  confounded  the  Greensand  with  the  Chalk 
species,  the  Blackdown  specimen  figured  by  Parkinson  he  intended 
to  bear  the  name  Parlcinsoni,  The  figures  in  pi.  xviii.  are  unfortu- 
nately of  not  much  value. 

This  error  of  Mantell  has  led  to  much  misunderstanding  and 
confusion. 

In  1 827  Sowerby,  in  the  Mineral  Conchology,  pi.  658,  figB.  6  and  6, 
re-figured  Parkinson's  original  examples  from  Blackdown,  but  unfor- 
tunately included  under  the  same  name  a  quite  distinct  London-clay 
species,  now  known  as  A.  Sowerhit.  He  again  figured  the  Black- 
down  fossil  for  Fitton  in  the  Geol.  Trans.  2nd  series,  vol.  iv.  pi. 
xxviii.  In  1839  Geinitz,  in  his  work  on  the  Saxon  and  Bohemian 
Cretaceous  Series,  figures  some  imperfect  and  doubtful  specimens  as 
B,  Parkinsoni,  but  considers  that  Mantell  had  figured  a  different 
species  from  Sowerby,  The  figure  that  most  resembles  Parh'nsoni, 
and  which  he  calls  Parkinsoni  of  Sowerby,  he  re-named  Beussii, 
distinguishing  it  as  having  "  wider  and  shorter  whorls,  with  the  ribs 
multiplied  on  the  last  whorl,  and  continued  to  the  outer  edge  of  the 
wing."  Geinitz,  however,  subsequently,  in  ISoO,  declared  that  Par- 
Hnaont  is  not  found  in  Germany,  all  the  various  forms  there  being 
distinct.  Goldfuss  figures  a  very  similar  form  as  R,  paptlionaceaf 
Reuss,  two  others  as  R.  Remsii  and  R.  megaloptera  (Verst.  der 
Bohm.  Kriede,  tab.  ix). 

The  following  notices  probably  all  refer  to  true  Parlcinsoni. 
Brongniart,  1829 ;  Leymerie,  1842,  Gaalt,  not  Lower  Chalk;  D'Archiac 
and  Lesueur,  1846,  figuring  at  the  siimo  time  what  appears  to  be 
a  young  specimen  of  this  shell  as  Littorina  plicaiilis,  Mem.  Soc. 
Geol.,  vol.  V.  pi.  17.  f.  8;  Graves,  Gault  of  Oiso,  1874;  D*Archiac, 
Gkiult  of  Escragnolles,  Cornuel,  Haute-Mamo,  1 851 ;  Gras,  from  Is^re, 
1852 ;  Renevier,  Perto-du-Rhone,  1854 ;  Cottcau,  from  the  Yonne, 
1854 ;  Ebray,  Lower  Gault  of  Cosne,  1857 ;  Raulin  and  Leymerie, 
Yonne,  1858;  and  Saamann  from  the  Glauconie  do  la  Sarthe.  In 
addition  to  these,  this  shell  is  figured  by  Pictet  and  Roux  in  the 
Moll.  Foss.  des  Gr^s  Verts,  pi.  24,  f.  25 ;  and  by  Briart  and  Cornet, 
Meule-de-Bracquegnies  p.  18,  pi.  ii.  f.  4,  5,  6 ;  fig.  4  has  a  wing 
difiering  from  ours,  but  it  has  probably  been  restored ;  Dr.  Chenu 
in  the  Man.  Conch,  p.  560,  1859.  D'Orbigny  figured  A.  marginata 
in  the  Terr.  Crct.  as  A.  Parkinsoni^  and  mentions  it  in  the  Prodrome, 
in  which  be  separates  the  Blackdown  species  under  the  name  of  R, 
JfegcBra, 

In  England,  Professor  Edw.  Forbes  was,  I  think,  the  first  to 
separate  the  Chalk  species  of  Mantell  from  that  of  the  Gault,  in  the 
Quart.  Joum.  G.  S.  for  1845,  p.  350 ;  Prof.  Morris  gives  it  in  his 
Catalogue  of  British  Fossils  from  Folkestone  and  Blackdown;  and  Mr. 
Tate  described  it  under  a  sub-generic  name  as  Perissoplera  Re\JL»ftV\  m 
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the  Oeol.  and  Nat.  Biat.  Beport.  p.  99,  f.  IS.  A.  Sobinaldina  and  A. 
glabra,  from  tlie  Lower  OreeDsand,  have  botb  boen  confoiiniled  wiih 
this  spedes.  For  the  remaining'  rofereoooB  to  A.  Parkinsoni,  see  A. 
MantelU. 

ApoBRHA'ia  Ma^ntblli,  mibi.    PL  VI.  Figs.  S,  9. 

SvnoSTiI :    A.  farkiamm.  Moot 

Deienjid'on.— Shell  elongated,  spire  composed  of  convex  whorls, 
omanieDted  with  12  or  more  regular,  rather  obliqne,  transverse  ribs, 
6stending  the  whole  breadth  of  tho  whorls.  Last  whorl  destitute  of 
keel.  Tho  wing  is  broad,  angular,  and  quadrate,  prolonged  poste- 
riorly into  a  point,  beneath  which  is  a  deep  sinus,  suooeeded  by  a 
broad,  quadrate  expansion,  which  expansion  is  also  frequently  pro- 
longed into  n  point,  parallel  <o  tbo  first,  truncat*^  at  its  outer  margiu. 
The  mouth  is  narrow,  porcolloiious ;  the  auterior  canal  moderately 
long  and  straight. 

A.  Manlelli  differs  from  the  Gault  form  A.  Parkiiuoni  in  tho  fewer 
number  of  ribs  and  their  much  greater  relative  prominence.  The 
broad,  quadrato  expansion  is  muoh  more  truncated,  angular,  and 
pointed,  both  anteriorly  and  posteriorly. 

Distributiou.— It  is  found  in  the  Grey  Chalk  of  Dover,  and.  on  the 
authority  of  Mantell  and  others,  at  Hamsey,  Leacon  Bill,  South 
Downs,  eto. ;  but  the  only  perfect  specimens  I  have  seen  have  come 
from  n  bed  of  the  Grey  Chalk  known  as  the  ca>t-bed,  between 
Dover  and  Folkestone.  The  condition  in  which  the  foBsila  of  this 
bed  are  found  is  jicculiiir;  fjr  iillhtiiigh  oasts,  they  arc  not  internal 
moulds  of  the  shells,  but  the  test  seems  very  gradually  to  have 
perished  without  obliterating  the  external  markings,  which  remain 
distinct  in  the  form  of  a  thin  deposit  of  sulphate  (?)  of  iron  on  the 
mould.     Many  of  the  fossils  obtained  from  this  deposit  are  peculiar. 

History. — It  will  bo  seen,  on  referring  to  the  history  of  A.  Parkin- 
loni,  that  Mantell  first  named  the  Blaokdown  species  BotUUaria  Par- 
kiaaoni,  but  that  he  also  included  the  present  Grey  Chalk  species, 
which  bears  a  strong  resemblance  to  it,  under  the  same  specific 
name.  This  shell,  however,  differs  iu  several  specific  characters, 
and  requires  separating  from  the  Oault  form,  and  does  not  appear 
identical  with  any  of  the  ObaUc  forma  described  by  Continental 
authors.  I  havetherefore  named  it  after  Mantoll,  who  first  described  it. 

Among  British  authors,  Dixon,  in  bis  Geology  of  Susses,  p.  358, 
tab.  xxvii.  f.  31,  36,  describes  this  shell  as  A.  ttenopUra,  and  Mr. 
Tate,  in  1865,  as  A.  ParkinsotU. 
Apobbhaib  Mantilu,  var.  bub-tubxboolata,  mibi.   PI.  VI.  Pig  10. 

A  form  exactly  resembling  A.  XanteUi  in  the  shape  of  tht 
wing  and  spire,  excepting  in  the  last  whorl,  on  which  the  ribs  are 
divided  into  two  distinct  rows  of  tubercles.  The  ribs  on  the  re- 
mainder of  the  shell  are  finer,  and  do  not  quite  reach  to  the  sutures. 
It  is  a  smaller  shell  than  those  from  the  Grey  Chalk  of  Dover.  Com- 
pare Fig.  10  and  Figs.  8,  S. 

Two  specimens  are  in  that  part  of  Mr.  Cunnington's  oolleotion 
recently  purchased  by  the  British  Museum.  They  were  found  in 
tbg  Chalk  Marl,  aear  Devizes. 
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In  the  present  imperfect  state  of  my  knowledge  of  the 
nomerouB  similar  European  forms,  I  have  thought  it  only  adyisable 
to  give  a  list  of  the  species  known  and  described,  and  to  state  that 
the  pterygoid  processes  or  wings  of  those  mentioned  below  are  more 
expanded,  and  are  attached  to  a  greater  portion  of  the  spire,  than 
those  just  described,  and  are  none  identical  with  the  English  forms. 

List  of  species  from  the  Chalk  figured  by  continental  authors 

allied  to  A.  ManteUi : — 

JR.  oetUirottriM,  Pnsch,  1837;  Geinitz,  1839. 

It,  ffi^antea,  Qeinitz,  1839. 

R.  mtgahptwa^  Reuss. 

B,  ffapilumacM,  GoldfosB,  Geinitz,  Reius,  etc. 

B.  eimmyiHulata,  Geinitz,  1850. 

A.  tUnopttra^  Goldfuss,  1843. 

A,  Jteuuiy  Geinitz,  1842. 

JBtiecimtm  imrritumf  Boemer,  1841. 

Several  species  from  Gosau  may  be  included  in  this  group^  B, 
eostata  and  granulata,  Sow. ;  B,  digitata  and  crebrtcosta,  Leheli ; 
B,  ParUchi,  Leh. ;  R,  passer,  and  several  undescribed  species  in  the 
Museums  at  Dresden,  Vienna,  Munich,  etc.  A,  glabra,  and  A. 
RobinaMinaf  from  Atherfield,  must  also  not  be  omitted  from  the 
list 

EXPLANATION  OF  PLATE  VI. 

Fio.  1. — Aporrhait  marginata,  Gault,  Folkestone.     Full  grown,  with   thickened 

wing.     From  the  author's  cabinet. 
Fig.  2.— a  young  specimen  showing  growth  of  wing.     From  the  author's  cabinet. 
Fio.  3. — Specimen  having  thin  and  hnear  ribs  to  the  last  whorl.    This  variety  occurs 

in  an  upper  bed  at  Folkestone.     In  the  British  Museum. 
Fig.  4.— Aporrha'ig  Farkinsoniy  Folkestone.  Full  gro^^-n.  From  the  author's  cabinet. 
Fig.  5. — A  younger  specimen^  with  immature  wing.     From  the  author's  cabinet. 
Figs.  6  and  7. — Specimens  from  Blackdown.     In  the  British  Museum.     To  show 

Tariations  in  size  and  ornamentation. 
Figs.  8  and  9.—Aporrhai8  ManteUi^  from  the  Grey  Chalk,  Folkestone.   The  original 

in  the  author's  cabinet. 
Fig.  10. — AporrhaU  ManteUi,  var.  sub-tuber culata.     From  the  Chalk  Marl  near 

Devizes.    In  the  British  Museum.    Part  of  the  spire  has  been  left  out  for  wont 

of  space. 

(To  be  concluded  in  our  next  Number  J 

IIL — On  Some  New  Liassio  Fossils. 

By  Ralph  Tate,  Assoc.  Lin.  Soo.,  F.G.S.,  etc. 

MR.  T.  BEESLEY,  in  a  "  Sketch  of  the  Geology  of  the  Neigh- 
bourhood of  Banbury,"  2nd  edit.,  1873,  published  a  very 
extensive  list  of  Liassio  fossils,  and  having  been  honoured  by  the 
loan  of  many  of  them,  the  majority  in  an  excellent  state  of  preserva- 
tion, I  beg  to  record  the  presence  of  a  few  interesting  forms,  and  to 
describe  some  new  species.  The  following  include  some  species  that 
have  not  been  hitherto  noticed,  and  others  that  are  little  known  in 
Britain  : — Notidanus  amalthei,  Oppel ;  Pleurotomarta  mirahilis,  Des- 
long.  ;  Trochus  JEgioUy  D'Orb.  ;  Phasianella  iurhinata,  D'Orb.  ; 
Pleurotomarta  helicinoideSy  Rom. ;  Onustus  heltacus,  D'Orb. ;  Ltmea 
crxstatay  Dumort. ;  Mytilus  Avtothensis,  Buvignier ;  Sinriferina  oxy- 
gona,  Bur. ;  and  Stderolites  Schloenhachii,  Brauns.  The  last  is  placed 
among  the  Foraminiferaby  its  describer,  but  it  seems  to  me  to  be  a 
Neurofungta, 
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Ammonitkb  icuTTH,  spec.  nov. 
f.      J  Fai.cifhris  AnuoiiiT,  (luettiicdfn  Jitm,  t,  13,  f.  Jl. 
""■■^Ak.  KEBPEStnius,  BeaUy,  op.  dl.  p.  10,  1873, 

Tliis  species  has  eoiae  reacmblaiice  to,  bat.  is  obviooslj  diBtiitet   i 
from,  ji.  lerpentinas.     No  specific  uame  kns  yet  been  applied  to  the 
species  represented  by  Qnenatedt'a  fignre,  though  one  or  two  antbors 
have  Bougbt  to  inclu<le  it  under  certain  new  speciea  described  by    j 
them.     A.  pgeiido-radiaaa,  Beynes,  makes  a  near  approach  to  it,  but    i 
the  whorls  are  more  embracing  in  tLo  present  species,  which  I  call 
A.  aeiUug,  on  account  of  its  sharp,  elevated  keel.     As  Sowerby's  A, 
aetilite  is  nuw  recognized  as  belonging  to  A.  margaritatna,  the  speci&i 
name  is  free  to  bo  re-applied. 

It  is  not  uncommon  in  the  rook-bed  of  the  Middle  Lias  (Zona  of 
Ammonites  gpinalue)  near  Banbury :  Queustedt  quotes  it  from  &.t 
same  horizon  in  Wurteinberg. 

Patella  Bcesleti,  spec  nov. 

Shall  thin,  subpeiludd,  conical ;  ornamented  with  < 
rugose  folds,  which  are  finely  Berrmted  on  the  postsrior  side  byradi^ 
HtriiB  ;  the  summit  is  obtuse,  and  placed  at  the  anterior  fourth  of  (he 
shell ;  the  baso  is  entire,  oval,  narrow,  and  abrupt  iinterinrly.  broid 
and  ilepressoil  [Kiateriorly.  Diamotors  12,  and  0-l.'Oihs  of  iiti  iiidi- 
height  3-20thn.  It  is  allied  to  P.  Hcnuoc-iiii,  TunjBi.,  fwm  the  h^vit 
Lias  of  Lorraine. 

Zone  of  Ammonites  ciprieonnia,  Banbury  (spec,  unique). 

All  tlio  hitherlo-kiiown  I'atelle  in  the  European  Lias  are  from  tlie 
Lower  Lias,  and  in  addition  to  P.  IteeeJeiji,  another  species  remains 
to  bo  willed  to  the  3Iedio-Liassic  representatives  of  the  genus  ;  it  is 
the  following : 

Patella  gratan9,  spec.  nov. 

Shell  ovate,  conical,  ajiex  acute  nearly  ceiitral  ;  ornamented  with 
faint  radiating  lines  and  concentric  scpiamose  costula; ;  baso  flat, 
margin  entire. 

Diameters  7-20ths  and  5'5-20th8  of  an  inch  ;  height  3-20ths. 

Zone  of  Amuionitea  sjpiiiatns,  Uley,  Gloucestershire  (1  specimen. 
Coll.  Geol.  Surv.). 

PlTRPUBIIIA    ARMATA,  spec.  HOV. 

Shell  conoiclal,  spire  jjointed  ;  whorls  suhquadrate,  step-like  ;  orna- 
mented with  thick  transverse  ribs  (12  in  the  last  whorl),  subspinous 
on  the  keel,  and  with  three  thick  longitudinal  costre  on  the  posterior 
l>art,  and  on  (he  front  of  each  whorl ;  base  rounded,  oblique,  willi  a 
few  prominent  concentric  folds. 

Length  J  inch,  diameter  little  more  than  J  inch. 

P.  armata  is  more  conical  than  the  majority  of  the  congeneric 
forms,  but  has  some  affinity  with  P.  Uellomt.  It  is  not  to  \>e  con- 
founded with  P.  ornatisfma,  Moore,  the  only  other  Liassic  species  of 
the  genua,  as  restricted  by  Deslongchamps.  hut  greatly  resembles  in 
shape  and  ornamentation  BiaeJiytrema  Wrighlii,  Cotteau,  of  the 
Middle  Oolite. 

Upl>er  Lias,  near  Banbuiy  (1  example). 
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Troohus  tiabsllus,  spec.  nov. 

Shell  oonioal,  of  five  and  a  half  whorls,  separated  by  a  deep 
Bntore ;  apical  whorls  flat,  anterior  ones  slightly  concave,  orna- 
mented with  obliqae  costas,  and  longitudinal  striad.  Last  whorl 
oarinated ;  the  transverse  ribs  are  subnodulose  at  the  suture,  have 
a  backward  direction,  and  vanish  before  reaching  the  keel,  but  which 
«re  coutiniied  on  to  the  base  of  the  shell  as  oblique  striee.  Base 
convex,  concentrically  striated,  imperforate,  aperture  ovate,  columella 
twisted. 

Height  ^  inch,  breadth  -J-  inch,  height  of  last  whorl  ^  inch. 

Zone  of  Amtmonites  spinatus,  King's  Sutton  (1  example). 

CsBiTmuH  OONFUSUM,  spcc.  nov. 

Shell  elongate-conical,  whorls  (15)  depressed,  suture  channelled  ; 
onamented  with  ten  longitudinal  costae,  and  transverse  granulated 
itris.  The  five  posterior  costae  are  granulated,  the  granulations  are 
arruiged  in  an  oblique  series,  and  continued  as  striaB  with  a  forward 
direction  on  the  remainder  of  the  breadth  of  the  whorl;  the  two 
anterior  costaa  are  also  granulated,  especially  the  one  next  the  suture. 
Base  oblique,  with  about  four  granulated  encircling  folds.  Length 
1|  inch,  breadth  ^  inch. 

Zone  of  Ammonites  apinattiSy  near  Banbury  (3  specimens). 

C.  confusum  has  some  resemblance  to  C»  Mooreiy  Tate,  =  C,  pyra- 
mOaky  Moore,  M.  and  U.  Lias,  S.  W.  England,  t.  4,  f.  8.  1867,  non 
C,  piframidale.  Sow.,  id,,  D'Orbigny,  1854. 

Gebithium  fsbbbum,  spec.  nov. 

Shell  turriculate-elongated,  polished ;  whorls  (12)  subconcave, 
Butare  linear,  last  whorl  with  longitudinal  depressed  costulae,  smaller 
and  more  depressed  towards  the  suture  ;  the  posterior  whorls  are,  in 
addition,  ornamented  with  flexuous  ribs,  which  originate  at  the  pos- 
terior suture,  and  fade  off  at  about  the  middle  of  the  whorl.  Base 
with  eight  concentric  costulae;  aperture  oval-oblong;  peristome 
continuous;  canal  short,  lateral. 

Length  7-lOths  inch,  breadth  7-40th8  inch.  It  is  related  to  C. 
padrilineatum,  Hom.,  and  C.  costulatum,  Deslong. 

Zone  of  Ammonites  spinatus.  King's  Sutton  (4  examples). 

Spibopoba  liassica,  spec.  nov. 

(Spibofoba  ip.,  MM.  Deslongchamps,  Bull.   Soc.  Liim6,  Normandie,  toI. 
iii.  p.  58,  1859. 
Cb&iofo&a  sp.,  Beesley,  loc.  cit.,  p.  10,  1873. 
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Polypary  small,  atout,  composed  of  [flattened  or]  cjlmdricftl  didio- 
towioUB  braJichoa ;  covered  by  rather  close  obliquely  ammlar  rowi 
of  oxsert  cellules,  lietween  n-hicb  is  a  longLtudinal  rib.  The  cellules 
are  about  twelva  in  a  eeries,  and  are  separated  by  Bpaoes  nearly 
equal  iu  breadth  to  the  cellules. 

Tiie  rarity  of  Polyzoa  in  the  English  Liaa  increases  the  interest  to 
bo  attachod  to  the  present  species,  vrhich  it  claitna  an  being  the  pre- 
ourBor  of  its  kind.  It  was  noticed  by  the  Messieurs  Deslongchampa, 
who  obtained  a  single  example,  but  in  too  bad  state  of  prcservatioii 
for  fij^iririg  or  describing,  from  the  Luplana-bed  at  May  ;  whence 
I  liave  a  very  good  speoiiiien  wliich  baa  served  for  the  foregoing  de- 
Bcription.  Mr.  Beesley  collected  RBTeral  speuim(*nB  from  the  Spiaalug- 
bctls  at  King's  Sutton  ;  some  of  tliem  are  flattened,  almost  foliaoeotis; 
but  thoy  are  not  entitled  to  spem£a  distinction. 

IV. — CONTBIBUTIONS   TO    THB   StCHY  OF  VoLTANOS. 

By  J,  W.  Junn,  F,a.S. 

The  LiFABt  Islands — Stbomboli. 

{Ctmtintifd  from  page  142.) 

rtho  months  of  May,  June,  and  October,  I860,  and  again  in  July, 
1856,  Stroniboli  was  visited  by  M.  C.  Ste.-Claire  Deville.  He  fully 
confirms  tbe  great  variations  in  the  intensity  of  the  explosions  of  the 
volctiuo.  On  the  night  of  the  lith  of  October,  M.  Deville,  profiling 
by  a  fnvoiirnblo  condition  of  tbo  wind,  was  able  to  oxriminu  the  bot. 
torn  of  the  crater.  He  found  three  open  vents  within  it;  one  of 
these  did  not  project  any  solid  matter,  but  the  vapours  above  it 
reflected  a  glowing  light  of  varying  intensity ;  the  other  two  dts- 
oharged  stones  with  explosive  outbursts.  The  largest  of  these  mouths 
was  in  the  midst  of  a  little  oone  of  scorife,  near  the  oentre  of  the  crater, 
and  it  gave  rise  to  an  irregular  succession  of  detonations,  interrupted 
at  intervals  of  about  16  minutes  by  explosions,  producing  magnifioent 
"sheaves"  of  incandescent  stones;  the  other  opening  was  at  tbe 
north-west  angle  of  the  crater,  and  gave  rise  to  less  violent  explo- 
sions at  intervals  of  about  four  minutes.  On  the  upper  part  of  the 
Sciarra,  Deville  saw,  whenever  the  vapour  drifted  aside,  an  appear- 
ance, concerning  which  he  was  in  doubt,  whether  it  should  be 
referred  to  a  stream  of  lava,  or  an  open  fissure  filled  with  incandes- 
cent material. 

On  the  2nd  of  July,  1856,  M.  Deville,  accompanied  by  M.  Bome- 
mann,  again  ascended  to  the  crater  of  Stromboli,  and  they  record  a 
most  striking  change  in  the  condition  of  the  crater.  One  very  vio- 
lent outburst  took  place,  apparently  from  the  mouth  at  the  north- 
western side  of  tbe  crater,  but  during  the  two  days  following  only  a 
series  of  very  insignificant  explosions  occurred,  sometimes  almost 
uninterruptedly.  They  gave  rise  to  only  a  feeble  glow  of  light,  and 
took  place  sometimes  at  the  rat«  of  three  or  four  within  the  space  of 
a  minute. 

M.  Deville  on  several  occasions  carefully  timed  the  intervals 
between  tbe  consecutive  explosions  in  the  crater  as  seen  from  the 
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outside.  On  the  night  of  the  31jst  of  May,  1855,  as  witnessed  from 
the  sea,  they  were  15-3-15-17-11-15-16-3-4-8-16-4-5-3  minutes. 
On  the  night  of  the  14th  Octoher  in  the  same  year,  as  seen  from 
the  edge  of  the  crater,  they  were  15-4-3-12-11-14-13-2-3-6-6-3 
minntes.  Of  five  suooessive  intervals,  noted  in  daylight  on  the  13th 
Jane,  1855.  the  longest  was  21  minntes  and  the  shortest  4  minutes. 

In  the  latter  part  of  1864,  Mr.  Bobert  Mallet  and  Colonel  Yule 
•soended  to  the  crater  of  Stromboli.  They  were  unable  to  see  the 
floor  on  account  of  vapours  which  issued  from  the  bottom  and 
rides.  Although  the  actual  vents  were  not  visible,  Mr.  Mallet  was 
led  to  infer  that  the  explosions  took  place  from  different  points  of 
its  bottom,  and  he  found  the  intervals  between  them  to  vary  between 
30  or  even  40  minutes  and  2  minutes.  Each  outburst  ''  was  pre- 
ceded by  several  distinct  low  detonations,  with  intervals  between 
each  of  from  4  to  5  seconds  to  as  much  as  80  seconds  :  these,  though 
of  a  far  deeper  tone,  gi*eatly  resembled  the  cracking  noises  that  are 
heard  when  steam  is  blown  into  the  water  of  a  locomotive  tender 
for  the  purpose  of  heating  it."  The  outbursts  themselves  are  de- 
Bcribed  as  not  being  quite  instantaneous  in  character,  but  as  begin- 
ning with  a  hollow  growl  and  clattering  sound  increasing  to  a  roar, 
which  endures  for  a  few  seconds  to  a  minute  or  two,  and  then 
rapidly  declines.  Both  the  preliminary  dotonations  and  the  shock 
of  the  outburst  are  stated  to  have  sensibly  shaken  the  ground  on 
which  the  observers  stood. 

During  the  eruption  of  Etna  in  the  beginning  of  1865,  Stromboli 
is  said  by  the  inhabitants  of  the  island  to  have  been  in  a  state  of 
extraordinary  activity.  The  explosions  were  more  violent  than 
usual,  liquid  lava  was  emitted  from  the  crater,  and  showers  of  ashes 
during  several  days  covered  the  entire  island.  At  the  time  when 
M.  F.  Fouque  visited  the  volcano,  in  the  summer  of  the  same  year, 
it  had,  however,  resumed  its  ordinary  condition  of  subdued  eruption. 

In  1867,  M.  Jannsen  made  some  spectroscopic  exuminations  of  the 
ignited  gases  within  the  crater  of  Stromboli;  but  his  obsers^ations 
on  this  volcano  appear  to  have  been  attended  with  considerable  dif- 
ficulty. In  1870,  Dr.  Julius  Schmidt  made  some  observations  on 
the  condition  of  the  volcano. 

On  the  18th  of  April,  1874,  after  having  on  preceding  days  ex- 
amined the  lower  portions  of  the  mountain,  I  climbed  up  to  tlie 
summit  before  sunrise,  and  descending  thence  a  few  hundred  feet, 
spent  five  hours  in  examining  tlie  phenomena  from  near  the  edge  of 
the  crater.  On  this  occasion,  as  in  my  other  journeys  in  the  Lipari 
Islands  and  Sicily,  I  was  accompanied  by  Signer  Pasquale  Franco, 
of  the  University  of  Naples.  During  the  ascent,  I  had  a  hitoral  view 
of  the  crater  during  one  of  the  explosions,  as  seen  from  the  side 
of  the  Schiarra ;  of  this  explosion  I  made  the  accompanying  sketch 
(Fig.  12).  On  the  north  side  of  the  crater  a  fissure  is  seen  thickly 
encrusted  with  yellow  salts,  which  is  ciilled  the  "  Filo-della-solfre." 
The  explosions  appeared  to  me  not  to  ti\ke  place  from  the  centre  of 
the  crater,  but  from  near  its  north-western  side. 

Like  all  who  have,  during  at  least  ten  years  past,  examined  the 
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Gcater  of  Stromboli,  I  was  prevented  from  seeing  the  interestias 
operations  takbg  place  at  its  bottom  by  the  thick  clomis  of  \-ftpour, 
which  were  poured  forth  by  innumerable  fumaroles  both  witbin  asd 
around  it.  Seated  uear  it,  however,  and  oocaaionally  getting  glimpses 
of  its  interior  when  the  wind  drifted  aaide  the  heavy  cloud  of  vapour, 
1  was  able  to  note  the  following  phenomena. 

A  succession  of  loud  snorting  puffs  like  those  of  a  high- pressure 
Steam-ongiue,    but    quite    destitute   of  their  regularly   rhythmical 


.    Visit  of  tlw  kcdve  enter  of  Siramboli  from  the  Borth  lide  of  tlie  Sdwn, 
dimns:<u>«pt«ion. 

oharacter,  were  very  distinctly  audible.  These  wers  emitted  con- 
tinuously, but  with  most  striking  variations  in  their  intenm^, 
duration,  and  rat«  of  sncoeesiou.  A  long  sncoessian  of  alight 
short  pufis  would  be  followed  by  one  or  more  longer  and  mnoh 
louder  ones.  I  attempted  in  my  note-book  to  record  the  aucoessiOD 
of  these  by  means  of  lines,  the  length  of  which  should  represent  the 
duration  of  the  puff,  and  its  tbiokuess  the  intensity.  I  give  the 
following  as  examples  of  these : — 


and  , 


Sometimes  the  snorting  sound  would  die  away  almost  entirely,  but 
at  others  it  would  burst  out  again  suddenly  with  a  loud  series  of 
sudden  puf&. 

From  time  to  time  violent  outbursts  of  steam  wonld  take  place  at 
the  bottom  of  the  crater,  carrying  aloft  fragments  of  lava,  soorife,  and 
ashes.  So  far  as  I  was  able  to  judge,  these  outbursts  were  not  pre- 
ceded by  warnings  of  any  kind,  but  occurred  with  the  greatest 
suddenness.  These  outbursts  certainly  seemed  to  me  to  be  quite 
independent  of  the  puffing  sounds,  and,  I  can  scarcely  doubt,  took 
place  from  a  different  mouth.  The  sound  which  accompanied  the 
explosions  was  always  sudden,  but  by  no  means  violent.     It  did  not 
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in  the  least  resemble  the  report  of  a  cannon,  but  rather  the  rushing 
sound  which  is  heard  when  a  large  number  of  rockets  are  discharged 
umultaneonsly.  The  noise  of  the  falling  fragments,  falling  upon 
and  rattling  down  the  sides  of  the  crater  and  the  Sciarra  a  few 
seconds  after,  was  quite  as  striking  as  that  of  the  explosion  itself. 

After  watching  the  explosions  for  a  considerable  period,  both  on 
this  and  several  other  occasions,  I  found  myself  quite  unable  to 
correlate,  in  any  way,  the  force  and  duration  of  the  explosions  with 
the  intervals  between  them.  I  feel  strongly  led  towards  the  conclu- 
sion that  there  were  at  least  two  orifices  within  the  crater  discharging 
independently.  On  several  occasions  two  explosions  were  so  close 
to  one  another,  that  I  can  hardly  believe  they  took  place  from  the 
same  mouth.  The  observations  of  MM.  Abich,  do  Quatrefages  and 
Deville  lend  great  support  to  this  supposition. 

I  was  informed  by  very  intelligent  residents  in  the  island, 
namely  the  priest  and  his  brother,  whom  I  closely  questioned  upon 
the  subject,  that  the  most  striking  variations  occur  in  the  condition 
of  the  volcano.  Sometimes,  in  summer,  intervals  of  considerable 
length,  occasionally  extending  to  two  hours,  were  declared  to  pass 
without  any  explosion.  During  the  winter,  however,  it  was  said 
very  violent  outbursts  sometimes  take  place.  Large  stones  fall  in 
the  cnlti\'ated  and  inhabited  portions  of  the  island  (and  some  of 
these  I  was  shown)  ;  streams  of  lava  flow  down  the  Sciarra  into  the 
sea ;  and  dead  fish  in  great  numbers  are  found  floating  around  the 
island. 

The  succession  of  explosions  which  I  witnessed  on  different 
occasions  may  thus  be  represented,  using  M  for  an  outburst  of 
moderate  intensity,  v  for  a  violent,  and  V  for  an  excessively 
violent  one ;  s  stands  for  slight,  and  S  for  very  slight  explosions. 
The  intervals  between  them  are  given  in  minutes  : — 

On  the  18th  of  April,  1874,  commencing  at  7-13  a.m. 

M  6i,— M  4i,— V  16,— M  4,— V  11,— s  2^,-6  2|,— S  5J,— V  6i 
V  3f,— M  7|,— V  1^,-8  4,— M  9,— s  i,— s  2i,— M  3,— M  If ,— s  2; 
S  4,— M  f,— M  6j,— M  4,— s  If,— S  f,— Si  1,— S  5i,— M  3^,— 
8  lOi,— M  0,— V  5,— M  li,— V  I8i,— V  2J,— M  2^,— M  8f,— V  5, 
M  5|,— s  2^,-8  6^,-8  1},— s  IJ,— S  ♦H'— V  S^S— M  3|,-s  1^,— 
S  6,-8  ^,— S  2,— s  2^,— s  6,— M  3,— s  4,— v  If ,— s  5^,— V. 

On  the  24th  of  Ai)ril,  1874,  beginning  at  4*5G  a.m. 

V10i,-soJ,— sl|,— V. 

On  the  25th  of  April,  beginning  at  7-8  p.m. 

v30,— s  1,— V3i,— V  2,— S  1,— s  i,— V  3|,— M  2J,— M  4i.— 
M  2,— M  1^,-8  1,— V  1^,— M  8J,— V  2J,— S  4J,-8  2,--v  2|,— 
8i,~M  2,— V  5,— s  3,— M  IJ— V  3,— M  <>,— Y  10,— M  1^,— M  5, 
-V  U,— s  3i,— M  3,— 83^. 

Having  thus  given  a  resume  of  the  observations  which  liave 
Wn  made  on  the  very  interesting  volcano  of  Stroniboli  during 
niore  than  a  hundred  years,  we  may  proceed  to  siiinmarize  those  facts 
concerning  its  general  features,  and  the  nature  of  the  oj^erations 
going  on  within  it,  which  these  observations  combine  to  establish. 

With  respect  to  the  heights  of  the  various  parts  of  the  iuouutau\,  iVift 
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podtion  and  relations  of  ita 
crater,  and  the  depth  of  the 
aea  around  it,  Mr.  Robert 
Mallet  has  lately  oast  doubt 
on  the  accuracy  of  the  Btate- 
ments  of  preTious  obser- 
vers, and  has  published 
a  aeries  of  "  hypaometric 
measurements,"  vhioh 
■were  made  by  him  in  18G4, 
"  by  means  of  a  single 
aaeroid,"  and  of  soundings 
made  in  positions  whi3i 
were  "  guessed  "  by  him- 
self and  a  friend.  On  the 
basis  of  these  corrected 
measurements,  Mr.  Mallet 
has  put  forward  a  very 
novel  and  startling  theory, 
namely, — that  Stromboli  is 
not  an  ordinary  volcano,  aa 
every  previous  observer 
had  supposed,  but  a  singu- 
lar combination  of  a  geyser 
and  n  volcano  I 

It  ia  certainly  to  be  re- 
gretted, not  only  on  Mr. 
Mallot'a  own  account,  but 
for  the  sake  of  the  credit  of 
Britixb  science,  that,  during 
the  ten  years  which  elapsed 
between  bisobtnining  these 
obstTvntions  and  bis  publi- 
cation of  tlie  extraordinary 
theory  which  he  has  found- 
ed \iiK)n  thcni,  no  attempt 
seems  to  bave  been  made 
by  tliia  author,  either  to 
vei'ify  or  cheek  his  mea- 
surements, allhnugh  tliB 
most  araple  means  existed, 
in  numerous  ofiicial  publi- 
catiouH,  fur  so  doing. 

In  onlcr  to  give  a  dis- 
tinct idea  of  tlio  true  rela- 
tions of  the  dillercnt  parts 
of  ibo  volcaiio,  1  havo 
constructed  a  section  (see 
riR.  13)  on  tliu  natural 
Bf.ale,  passing  from  K.W. 
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LTon^b  the  Sciam  del  Faooo,  the  sammit  of  the  moun- 
he  Pnnta  dell'  Oma  This  section  is  based  on  the  large 
ractod  by  the  Italian  Instituto  Topogiafioo  Militare,  and  on 
lid  Chart  of  the  Lipari  Islands  issued  by  the  French 
Dty  from  the  surveys  made  by  MM.  Darondeaa,  Gaussin. 
Manen,  Larouase,  and  Vidalin  in  1857  and  1858.  In  all 
letaOs,  too,  the  accuracy  of  this  section  is  confirmed  by 
ih  and  Neapolitan  Admiralty  Charts,  and  by  the  obserra- 
bich,  Hoffmann,  and  other  geologists. 
the  official  documents  referred  to  give  the  height  of  the 
u  OFBT  3000  feet.  The  elevation  of  the  ridge  overlooking 
,  which  Mr.  Mallet  states  as  only  1200  feet,  has  been 
repeated  meararements,  which  I  can  myself  confirm,  as 

Laboat  600  below  the  summit,  or  at  least  2i00  feet, 
the  amount  given  by  Mr.  Mallet ! 
sar  lq>  of  the  crater  (or,  in  other  words,  the  top  of  the 
lane  of  the  Sdarra  del  Fuoco)  and  the  bottom  of  the  crater 
I  quite  inaccessible  to  the  observer ;  but  there  nevertheless 
la  of  estimating  their  true  elevation  above  the  sea-leveL 
o  nnder-estimated  the  height  uf  the  summit  of  the  moun- 
ont  200  feet,  oo  the  supposition  that  the  inclination  of  the 
m  only  30",  fixed  this  point  at  1645  feet  above  the  sea- 
r.  Mallet  measured  the  slope  of  the  Sclarra  with  the  clino- 
from  34°  to  36^  with  the  horizontal,  and  I  am  convinced 
3wn  observations  that  35'  is  about  a  fair  average.  The 
tion  of  the  crater  and  its  relation  to  the  other  parts  of  the 
D^  given  in  the  map  of  the  Italian  Grovemment,  we  are 
)le  to  fix  the  elevation  of  this  point  as  a  little  over  2200 
Mallet  states  it  to  be  only  600  feet !  Calculating  from  the 
if  the  several  points  as  given  on  the  map,  this  would  make 
>f  the  Sciarra  only  11^  which  is  not  only  quite  at  variance 
Mallet's  own  measurements,  but  would  be  at  once  rejected 
me  who  had  seen  either  the  Island  itself  or  any  drawing  of 
respect  to  the  elevation  of  the  bottom  of  the  crater,  which 
Y  liable  to  constant  variation  within  small  limits,  I  am  in 

predicament  as  Mr.  Mallet,  having  never  succeeded  in 
light  of  the  crater-floor,  owing  to  the  clouds  of  vapour  pro- 
om  the  fumaroles.  Several  accurate  observers  who  have 
iwever,  declare  it  to  be  situated  only  a  short  distance  below 

lip.  The  estimate  of  at  least  2000  feet,  which  most 
ive  given  for  the  elevation  of  the  buttom  of  the  crater  of 
,  we  must,  therefore,  regard  as  certainly  heloic  the  truth, 
.  Mallet's  statement  that  it  *•  cannot  be  more  than  300, 
Bt   400   feet,  above  the   level  of  the   sea,"  is   altogether 

Mr.  Mallet's  assert k>ii  that  the  Admiralty  Chart  indicates 
some  lllile^i  in  the  offing  here  the  Mediterranean  does  not 
0  fathoms  in  d«.pth,'*  is  to  me  simply  inexplicable — since  the 
'Vench  an-l  Xr:a[)olitaii  A«lmiralty  Charts  all  give  numerous 
of  more  than  twice  that  amount,  wUlmi  a  "imivi  oi  \\i^ 
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Bliores  of  Strom boli,  while  within  a  few  miles  of  the  island  soundings 
of  more  than  700  fathoms  occur. 

Mr.  Mallet's  hypothesis  of  "  the  Mechanism  of  Stromboli "  is 
baseil  entirely  on  these  grossly  inaccumte  **  measurements ;"  and  as 
it  has  already  been  criticized  by  Mr.  Scrope  in  the  pages  of  the 
Geological  Magazine,  I  am  spared  the  necessity  of  dwelling  longer 
upon  this  painful  subject. 

Nearly  everj'  observer  who  has  studied  the  phenomena  presented 
by  Stromboli,  has  been  convinced  that  the  pennanent  character  of 
its  action  is  connected  with  the  existence  of  the  steep  slope  of  the 
Sciarra,  which  enables  the  ejected  materials,  sooner  or  later,  to  roll 
down  into  the  sea,  instead  of  accumulating  around  the  vent  and 
stifling  its  action  for  a  time,  only  to  lead  to  more  violent  paroxysms. 
The  formation  of  the  present  crater,  with  the  steep  sloi)e  of  the 
Sciarra  loading  down  fi-om  it  to  the  sea,  was  ascribed  by  Mr.  Scroi)e 
in  1825  to  some  violent  paroxysm,  which  had  destroyed  a  large 
portion  of  that  side  of  the  mountain.  This  explanation  is  accepted 
by  Hoffmann,  and  nearly  every  other  geologist  who  has  examined 
the  (picstion.  Abich,  indeed,  not  unjustly  compares  the  destruction 
of  one  side  of  the  mountain  and  tlie  formation  of  an  eruptive  centre 
at  a  lower  level,  to  the  catastrophe  which  in  the  year  79  a.d.  resulted 
in  the  blowing  away  of  one  side  of  the  ancient  Somma,  and  the  rise 
of  the  modern  cone  of  Vesuvius  in  its  midst. 

Let  us  now  proceed  to  notice  the  chanicter  of  the  operations  going 
on  \vitliin  this  still  active  crater  of  Stromboli.  These  opt' rations 
appear  to  have  bc'«Mi,  during  tlio  last  2000  years  at  least,  of  a  com- 
]);irativc'ly  )nO(U:raU  cliaraett-r.  We  have  no  record  or  traditi-ni  of 
tlie  aetiviiy  uf  the  mountain  ])(XJOiinn<j:  so  violent  as,  in  the  case  of 
Vulcano.  to  drive  away  the  iiilifibitants.  wlio  have  formed  settlements 
(having  a  population  in  1S71  of  1/JlK))  on  the  lower  sli»j)es  of  the 
island,  at  a  distancre  of  two  miles  from  tlio  crater.  ()n  the  other 
hand,  that  tlie  action  is  sometimes  so  energetic  as  to  shako  tlie 
whole  island,  to  cover  every  ))art  of  it  with  sliowere  of  ashes,  and 
to  result  in  outflows  of  lava  from  tlie  activt^  crater  and  other  portions 
of  tlu'  tlaidvs  of  the  volcano,  we  have  the  clearest  evidence. 

AVitli  regard  to  the  conilition  of  tlie  interior  of  the  crater  of  Strom- 
b(di.  we  iiave  also  proofs  of  tlie  oc«'urrence  of  continual  changes, 
simihir  to  those  which  have  been  noiiced  in  Vesuvius,  and  all  other 
volcanos  that  have  been  svstematicallv  studied.     That  the  bottom  of 

»  ft 

tin;  crater  is  a  tliin  and  varia])le  crust,  wliich  covers  a  ma.ss  of  ini.vin- 
descent  and  liciuciieil  material,  and  tliat  this  heated  mass  communi- 
cates witli  the  atmosphere  by  ojx-niiigs  in  the  crust,  which  are 
0(»iitlnua]ly  changing  in  num]»er,  size,  form,  and  position,  no  one  cm 
doubt  wlio  reads  tlie  account  of  the  aj'pearances  j)resented  l\v  the 
interi(»r  of  the  crater  at  diflerent  p(^rio<ls.  According  to  the  nature 
of  these  oj)onings,  and  their  relatir.ns  to  tlie  incandescent  lluid  nmss 
lieiieath.  they  are  found  (juietly  giving  ofV  j.'ts  of  vaj)our  ancl  gas.-^ 
viuh.'nlly  <lischarging  colunnis  of  steam.  —iMTinitting  b\juid  lava  to 
rise  and  fall  within  them,  and  to  be  disperse*!  by  sudilen  and  intcr- 
uiittvnt  (?Aj>lofeions, — or  giving  origin  to  small  streams  of  lava.  'ITi**- 
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daring  the  more  violent  emptions,  when  the  constant  red  glow  above 
the  mountain  testifies  to  tiie  existence  of  incandescent  materials 
within  the  crater,  and  when  abundant  streams  of  lava  flow  down 
into  the  sea,  the  solidified  crust  forming  the  bottom  of  the  crater  is 
temporarily  destroyed,  we  can  scarcely  doubt  Stromboli,  indeed, 
appears  to  present,  on  a  smaller  scale,  precisely  the  same  characters 
with  those  seen  in  the  volcano  of  the  He  de  Bourbon,  as  described 
by  Bory  de  St.-yincent,  and  in  the  crater  of  Kilauea  in  Hawaii,  as 
described  by  Dana  and  other  observers. 

That  the  more  violent  states  of  activity  in  Stromboli  coincide  with 
the  winter  seasons  and  stormy  weather,  and  its  periods  of  com- 
parative repose  occur  during  the  calms  of  summer,  is  established, 
not  only  by  the  universal  testimony  of  the  inhabitants,  but,  as  the 
foregoing  accounts  will  show,  by  the  actual  observations  of  many 
competent  authorities. 

The  very  graphic  accounts  which  we  have  quoted  of  the  appear- 
ancee  presented  by  the  liquid  lava  as  seen  rising  and  falling  in  the 
vent,  agitated  by  whirling  movements,  and  swelling  up  into  vast 
babbles  which  suddenly  burst  and  give  off  clouds  of  vapour,  are 
strongly  suggestive  of  the  same  conditions  as  exist  when  any 
liquid  or  viscous  material  is  heated,  especially  in  a  deep  and 
narrow  vessel,  over  the  fire.  In  such  cases,  as  vapour  is  being 
disengaged  mlhin  the  heated  mass,  the  whole  is  kept  in  violent  agi- 
tation ;  the  small  bubbles  collecting  into  largo  ones  force  the  whole 
mass  upwards,  and  if  the  heat  be  not  moderated,  these  bubbles  burst 
on  reaching  the  surface,  and  scatter  the  materials  with  explosive 
violence.  That  the  lava  of  volcanos  is  a  fluid  mass  containing  im- 
prisoned water,  which,  as  it  is  relieved  from  pressure,  flashes  into 
steam,  is  now  recognized  by  all  geologists. 

That  the  barometrical  condition  of  the  atmosphere  must  exercise 
a  powerful  influence  on  such  a  series  of  operations,  as  are  seen  to  be 
going  on  within  the  crater  of  Stromboli,  few  probably  would  be 
bold  enough  to  deny.  Whether  the  notion,  which,  as  we  have  seen, 
has  prevailed  in  these  islands  from  the  earliest  times  concerning 
which  history  or  tradition  affords  us  any  record,  namely,  that  the 
state  of  the  volcano  enables  the  observer  to  predict  the  changes  of 
weather,  is  a  totally  different  question.  Until  wo  are  able  to 
appeal  to  an  accurate  series  of  meteorological  observations,  carried 
on  concurrently  with  others  on  the  condition  of  the  volcano,  the 
question  must  remain  an  open  one.  But  every  careful  observer  will 
willingly  subscribe  to  the  words  of  Spallanzani  (m  the  suT)ject :  "  I 
should  think  myself  justly  to  incur  the  imputation  of  rasliness, 
should  I  venture  to  deny  these  facts,  without  having  sufficient 
reason  so  to  do ;  especially  as  they  are  so  precise,  so  circumstantial, 

and  said  to  have  been  observed  upon  the  spot." 
Stromboli  consists,  as  we  have  already  seen,  of  an  ojder  central 

cone,  composed  of  trachytes,  coated  on  all  sides  by  thick  masses  of 

more  recent  basaltic  lavas  and  agglomerates  (see  pp.  11  and  61). 

As  in  the  case  of  Vesuvius  and  many  other  volcanos,  very  beautifully 

cryrtallized  minerals   (especially  augite),    which  must  \\a\Q  \i^«a 

formed  t^i/^M  the  vent,  are  ejected  from  its  crater. 
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In  bringing  these  sfeetoheB  of  the  Lipari  laUnde  to  a  close,  I  ma] 
DOtice  an  interesting  circumetAuce,  to  whict  my  attention  has  beei 
drawn  by  Professor  Stieea,  of  Vienna.  That  gwlogist  has  reoentlj 
piibliehed  sa  imiKirtaiit  memoir,  entitled  "  Die  Erdbeben  dee  efid 
lichen  It«Iien,"  and  he  has  been  good  enough  to  point  out  to  me  tbtt 
the  lines  of  fissure,  which,  from  a  study  of  the  eeiBmic  phenonoeni 
of  Sicily  and  Calabria,  he  has  inferred  traverse  tboee  districte,  poiiit 
like  those  which  1  have  doterinined  on  totally  different  evidence,  l^ 
the  central  submerged  tract  of  the  Lipari  Jsliiode. 

V. — A  Chaptik  in  thb  History  or  MsTKOBirKS. 

Bj  WAi,T»a  Fi-iQHT,  D.Sc,  F.O.S.. 

Of  the  DnpartniciitarHuicnlagjri  Bridth  Miueam ; 

Amiitant  Eiaminor  in  Cliemittry,   UniTcnilj  of  Loadaa. 

{Oettlinuid  frea  fagi  1G3.) 

1871.  H&rohSlth.  2  a.m.  {local  time).— Urbino.Proraice  of  Urbint 

BJid  Fesaro,  Italy. - 

A  brilliant  meteor  was  obeerred  by  Serpieri  at  the  Observatory  ol 

Urbino,   which   left  a  pereiat«at  streak.     It  was  attended  by  ao 

explosion. 

1871.  March  a4th.  4-25  a.m.  Clooal  time).— Tolpeglino,  Piedmont 
Italy.' 
This  meteor  is  described  in  a  Turin  newspaper  by  F.  Denza.  Ita 
apparent  course  was  from  a  Cygni  across  a  Andromedse  to  near  \ 
Piscium.  The  nucleus  had  a  diameter  of  25',  The  colour  was  of  a 
brilliant  white,  and  it  left  a  very  persistent  ruddy  streak  along 
ita  whole  course.  It  burst  with  a  violent  detonation,  which  was 
heard  about  half  a  minute  after  its  disappearance. 

1871.  April  12th.  816  pj&.  (local  tim*).— Lodi,  Xonoaliflri. 
Fiedmont,  Italy.' 
A  very  large  and  brilliant  meteor  traversed  the  heavens  from  1 1 1 
+  7  to  106  +2,  and  burst  with  a  loud  detonation,  which  was  heard  in 
housee  with  closed  doors.  The  account  of  this  meteor  ia  oommnni' 
cated  by  F.  Denza,  of  tlia  Obewvatory  of  Moncalieri. 

1871,  Spring  ot — Boda,  ProvinCD  of  Hneaoa,  Spain.* 
The  exact  date  of  the  fall  of  this  meteorite  is  not  given,  but  it  ia 
stated  to  have  occurred  during  the  spring  of  1871,  at  a  spot  two 
kilometres  from  Roda.  Two  fragments,  in  the  poeeeaaion  of  Pisani, 
weigh  about  200  grammes,  and  appear  to  have  farmed  the  half  of  a 
stone  which  was  of  the  size  of  a  fist.  It  is  covered  with  a  black 
cruet,  which  is  oontinuons  and  brilliant  in  places  where  this  ^)eciea 
of  lustrous  varnish  has  nm.  The  interior  is  aahey-grey,  with  greenish 

'  Brit.  Anoe.  Rtport,  1871.  Ob«.  LnniinoM  Meteon,  37. 
'  Bril.  Aime.  Report,  1871.  Obg.  Lmninonj  Meteon,  38. 
*  Brit.  Allot.  Report,  1871.  Obi.  Lonunoiu  Heteon,  36. 
•J'.  Pisani.    CVnyf.nmfl.Uzix.  1607.— 0. A. Daiibr£«.  a»^.nMl:,luix.  1509. 
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gnms  resemUiiig  peridot  (soma  seTezml  miUimetres  in  diameter) 
mttered  tfaroo^iont  the  mass.  The  grey  mirfaoe  is,  howeTcr,  not 
of  a  uniform  tint,  hot  preaents  two  irregularly  shaped  areaa,  one 
being  grey,  iheother  yeUowiah-gFey.  The  stone  is  very  friable,  and  has 
no  action  of  the  magnetic  needle.  Before  the  blowpipe  it  is  fusible, 
becoming  black  and  feebly  magnetic. 

Only  a  small  portion,  14-75  per  cent.,  of  the  meteorite  is  broken 
up  by  acid,  that  unacted  upon  amounting  to  85  97  per  cent  Below 
ire  giren,  in  addition  to  the  composition  of  the  constituents  separated 
by  add,  the  results  of  an  analysis  of  the  minerals  constituting 
the  mass  of  the  stone : 

8iO,   A1,0,  Cr,0,    FeO     CaO     MgO  K,0  and  Xa,0  8 

* M ' 

A.  MmUt.     38-86    481      ...      24-27    8-21    2386  ...  ...  elOOHM 

B. /mm/mU^.  52-93    1-95    0*39    1629    1*92    2652  bIOOHM 

C.  Ti>taL        51-51     2-30    0*34     1704    2-31     2661        0*80         0*40  =  101*31 

The  soluble  portion  appears  to  be  an  iron  olivine^  mixed 
probably  with  a  little  anorthite  ;  the  insoluble  portion  consists 
chiefly  of  bronzite,  or,  aocordiug  to  Pisani,  probably  hypersthene, 
with  the  specific  gravity  of  which  miaeral  that  of  the  meteorite 
more  closely  accords.  The  sulphur  and  the  chromium  are,  it  is  pre- 
sumed, present  as  magnetic  pyrites  and  chromite ;  no  nickel  what- 
ever was  detected. 

The  yellowish -green  grains  were  very  slightly  attacked  by 
acid,  only  6  per  cent  being  soluble  in  that  reagent  Their  com- 
position proved  to  be — 

Silicic  acid     51*10  27*3 

Alumina 2-83  1*3 

Iron  protoxide       27*70  ^^  M 14-9 

Magnesia       17*20  3*8) 

9883 

These  numbers  indicate,  according  to  Pisani's  view,  the  presence 
of  a  hypersthene  rather  than  a  bronzite,  a  hypersthene  richer  in 
iron  than  that  of  Farsund,  Norway.  The  ratio  of  iron  oxide  to 
magnesia  is  the  same  as  that  in  the  bronzites  of  the  Uainholz, 
Shalka,  Borkut  and  several  other  meteorites. 

On  some  grains  of  this  mineral  a  well-marked  cleavage  was  dis- 
tinguished along  one  direction ;  in  others  a  disposition  to  cleave 
along  a  second  direction  was  remarked ;  on  examining  such  frag- 
ments in  the  polarizing  microscope,  however,  one  of  the  optic  axes 
was  almost  always  seen,  while  the  other  is  invisible.  The  angle  of 
the  optic  axes,  as  measured  in  oil,  was  approximately  determined, 
making  2H=104:^  The  bisectrix  is  negative;  but  whether  it  was 
the  acute  or  obtuse  bisectrix,  was  not  determined. 

This  meteorite  is  remarkable  for  coutaiuin^j;  no  metallic  iron,  and 
a  very  large  proportion  of  bronzite  or  hyix^rsthene. 

Daubree,  during  an  examination  of  microscopic  sections,  noted 
many  characters  which  favour  the  assumption  that  the  cliief  consti- 
tuent of  this  meteorite  is  bronzite  rather  than  hyporstliene.  Such 
are :  the  absence  of  dichroism,  the  frequent  occuvrenc^  ol  \\i^r 
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angle  ia  the  contour  of  the  ci'yst&ls,  and  the  fineneas  aT  the  etriie, 
peculiar  to  brouzite.  When  magnifieil  600  iliameterB,  most  of  the 
crystals  are  found  to  enclose  yellowUh- brown  rarely  translucerit  mat- 
ter, with  very  varied  contour,  and  occasionally  with  a  crystalline  fonn, 
that  of  a  modified  oblique  prism,  which  is  that  of  pyroxene.  They 
are  ranged  in  rectilinear  series,  which  are  not  always  orientated 
parallel  to  the  axes  of  the  crystal.  Here  and  there,  adhering  to  tlie 
crystals,  a  brown  vitreouB  substance,  which  ia  without  action  on 
polarized  light,  is  seen ;  aud  in  it  ooonr  oaviliea  of  relatively  large 
dimensions,  oloaoly  resembling  those  usually  found  In  basaltic  rocks. 
The  Koda  meteorite,  with  the  single  exception  that  it  contains  no 
iron,  bears  a  great  likeness  to  the  meteorite  of  Lodran  (1868,  October 
Ist),  and  CBtablishes  a  new  link  between  cosmical  rooks  and  those 
belonging  to  our  planet.  If,  says  Daubree,  we  were  to  refuse  to 
admit  the  testimony  of  those  persons  who  nllirm  that  they  vritnesse-d 
the  fall  of  this  fragment  of  rook,  the  characters  of  its  crust  would 
fully  attest  its  cosmical  origin. 

1871.  November.  Moatereau,  Seine-et-Hame,  France.' 

"It  is  stated  that  n  meteorite,  weighing  1 271bB.,  lately  fell  near 
Montereau.  It  came  from  the  east,  and  buret  with  a  toud  explosion, 
emitting  a  bright  bine  light.  It  is  an  irregular  spheroid,  and  ia 
black  (on  the  outer  surface  only?).  It  is  to  be  sent  to  the  Academy 
of  Sciences."  No  more  recent  informalion  respecting  this  meteorite 
has  reached  me. 

1871.  Seoember  10th.  130  p.m.  OomorcelL,  etc.,  near  Bandong, 
Java.' 

Three  strange  explosions  were  heard,  and  six  stones  were  fonnd. 
Tlie  largest,  weighing  8  kilog.,  fell  in  a  rice-field  in  the  village  of 
Gmmoroeh,  and  penetrated  the  soil  obliquely  to  the  depth  of  one 
metre.  The  second,  2-24  kilc^.  in  weight,  and  a  tbii-d,  weigh- 
ing 0'68  kilog.,  fell  in  a  rice-field  about  2200  metres  aW. 
of  Babakan  Djattie,  and  1500  metres  from  l^ignalling,  or  3700 
metres  from  the  spot  where  the  first  stone  struck  the  ground.  The 
three  remaining  stones  weighed  in  all  150  grammes. 

The  stone  the  second  in  size,  now  in  the  Paris  collection,  is 
an  irregular  block,  with  rounded  edges.  It  is  completely  enveloped 
in  a  dull  black  crust,  and  the  natural  surface  exhibits  numerous 
oavities  of  different  size,  which  bear  a  great  rosemblanoe  to  those 
produced  on  quartzite  by  exposing  it  to  the  oxy-hydrogen  flame.* 
A  fresh  fracture  is  grey,  and  inclosed  in  the  silicate  forming  the 
greater  portion  of  the  stones  are  three  kinds  of  granules,  which  have 
metallic  lustre ;  the  one,  of  on  iron  gre?.  which  is  at  once  identified 
as  nickel-iron ;  a  second,  of  a  bronze-yellow,  which  often  possesses  a 
blue  or  yellow  tint,  is  troilite ;  and  a  third,  black  and  insoluble,  is 
chromile.  The  silioeous  portion,  when  examined  under  the  microscxipe, 

■  Naluri,  November  30,  1871.— R.  P.  Qng.     Brit.  J-oc.  Rtpart,  1872,  79. 
*  0,  A.  Daubr^  and  R.  ETCrwijn.     Gnnpt.  rtnd.,  luT.  1676. 
^    '^miaiitdef  Jfinti,  lit.  (1669),  2i. 
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was  found  to  be  made  up  of  transparent,  much-broken  grains,  which 
are,  thronghout,  crystalline. 

The  stone  was  examined  in  Java  by  Dr.  Vlaanderen,  who  found 
it  to  have  the  specific  gravity  3*519,  and  the  following  composition : 

SiO,     AljOj    FeO     MnO    MgO     CaO    Kfi  Na^O     Fe       Ni 
JL Soluble.     28-669  2*377  28036  0199  21*290  0*498  1*479  1164  8227  1*712 

B.  Lueluble,  5l'2lS  6*352  10*796  trace   13*633  1*908  0*452  3*741     

Co       S    Chromite. 
0-233  3*540      ...         =  97*424 
11*074     =  99174 

The  analyst's  method  of  grouping  these  constituents  shows  the 

meteorite  to  have  the  following  mineralogical  composition  : 

Olifine    47*26 

Augito 20*98 

Fefipar 17*00 

Nickel-iron 2*81 

Troilito   6*44 

Chromite 4*41 

97-90 
If  we  assume  that  the  iron  oxide  in  the  insoluble  portion  of  this 
meteorite,  which  is  stated  in  Vlaanderen's  analytical  results  to  bo  in 
the  state  of  peroxide,  to  be,  as  is  more  probable,  in  the  form  of 
protoxide,  this  portion  of  the  stone  appears  to  consist  of  a  bronzite, 
in  which  Fe  :  Mg  is  as  1  : 1,  and  a  felspar  with  the  oxygen  ratios  of 
BO  :  RA  :  SiO,  as  104  :  2*96  :  11-6  or  those  of  an  albite  or  ortho- 
clase.  About  60  per  cent,  of  the  minerals  in  this  meteorite  are 
broken  up  by  acid,  the  remaining  40  per  cent,  withstanding  its  action. 


Irons  found  1870  or  1871.    San  Oregorio,  etc.,  Bolson  de 

Mapimi,  Mexico.^ 

With  the  object  of  fixing  with  greater  precision  the  geographical 
position  of  the  meteoric  masses  that  have  from  time  to  time  been 
met  with  on  the  Mexican  Desert,  Dr.  Lawrence  Smith  communicated 
this  paper  to  the  Amer.  Jour.  Science.  There  were  already  known 
the  Cohahuila  meteorite  of  1854  (No.  1) ;  the  Cohahuila  meteorite 
of  1868  (No.  2)  ;  the  Chihuahua  iron  of  1854  (No.  3),  still  at  the 
Hacienda  d^  Conception,  weighing  about  40001b8. ;  and  the  Tucson 
iron  (No.  4),  found  in  1854  on  the  north  side  of  the  Rio  Grande  ;  it 
is  in  the  form  of  a  ring,  and  weighs  from  two  to  three  thousand 
pounds.  Another  mass  (No.  5)  has  since  been  heard  of  on  the 
western  border  of  the  Mexican  Desert,  which  from  its  locality  has 
been  named  the  San  Gregorio  Meteoric  Iron.*  It  measures  6  feet 
6  inches  in  length,  is  5  feet  6  inches  high,  and  4  feet  thick  at  tbe 
base,  and  is  in  the  form  of  a  sofa.  On  one  part  of  its  surface  the 
date  **  1821"^  has  been  cut  with  a  chisel,  and  above  it  stands 
the  inscription  :  **  Solo  dios  con  su  poder  este  fierro  desiruirdj  porque 

*  J.  L.  Smith.  Amer.  Jour.  Sc.y  1871,  335.  See  also  11.  J.  Burkart.  Neuet 
Jahr.  Min.,  1871,  853.     J.  Urgindi.     Amer.  Jour.  iSc,  1872,  iii.  209. 

'  This  is  probably  the  meteoric  iron  of  which  earlier  meution  is  made  by  AV.  H, 
Hardy  ia  his  Travels  in  the  Interior  of  Mexico  in  1825-1828,  London,  1829,  481% 

'  Burkart  gives  the  date  1828. 
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en  el  mundo  no  habra  qvien  lo  pueda  dethaeer."  (Gtod  only  widi  ilia 
inighl  UiiB  iron  will  destroy,  for  in  tli6  world  is  no  one  able  io  bnak 
it.  in  pieces.)  It  lies  within  tlio  incloBure  of  a  hft(»etidB,  having 
been  hauled  to  the  ranch  years  ago  by  cbe  Spaniards,  who,  to  Iha 
Btory  goes,  thought  to  use  it  for  tfce  manufsctm'e  of  farm  iin]ilemHili. 
Its  weight  is  estimated  to  bo  about  five  tons.  An  examiuatioaofa 
fragment  nhowed  it  to  oonsiet  of; 

Iron=9601;  Nickd  =  4-2i:  Coball  =  0-51;  PbMpl)ortti  =  0-08 ;  Copper=Trw; 
Total  =  09-82. 

Slill  more  recently  we  have  news  of  tbe  discovery,  in  the  oeutnl 
portion  of  the  desert,  of  a  meteorite  (No,  6)  largerthan  any  prCTiowlj 
found  in  that  region.  It  shonld  be  stated  here,  that  in  addition  lo 
meteorites  No.  3  and  No.  4,  Juan  Urgindi  menfione  other  lirgei 
ones  at  Chupnderos,  20  leagues  N.W.  of  No.  4,  L.  Smith's  pap«ri> 
illustrated  with  a  little  map  indicating  the  relative  position  of  then 
maases.  He  is  of  opinion  that  they  are  the  residt  of  two  falls,  Tbt 
Tticiion  iron  (also  called  the  Sigtml  vteteorile  and  the  Aitisa  mMtoTtU) 
he  finds  to  possess  characters  which  distinguish  it  from  the  other  Gta 
Tliu  latter  probably  fell  at  an  epoch  far  remote,  maving  from  N.S-  lo 
S.W.  during  their  descent.  Nos.  1  and  2  fell  first.  85  miles  apart. 
Tho  distances  betwepn  the  hirgtr  inuHses  are— from  No.  2  to  N'3.  6, 
135  miles;  from  No.  6  to  No.  5,  165  miles;  and  from  No,  5  to 
No.  3,  about  00  miles. 

In  ft  paper  on  some  of  tho  meteoric  irons  of  Mexico,  D.  J.  Correjo 
[La  Nahiraleza,  Periadico  cieniijico  de  la  Sociedad  Mexicana  rfc  TTiilorin 
Xatiiral,  i.  252)  reviews  what  lias  been  published  about  tho  Mexican 
irons,  and  gives  some  additional  facts  respecting  them.  A  recen* 
number  of  the  journal  contains  an  indignant  protest  of  the  Society 
with  reference  to  the  destruction  of  the  large  meteorite,  caliiiJ 
"  I'he  Besciibiidura,"  ordered  by  the  Mexican  Society  of  Geograplij' 
and  Statistics  {Amer.  Jour.  Sc,  vii.  75), 

1871.— Victoria,  Saskatchewan  Eiver.  [Lat.  58°  46'  N.,  Long. 

111=  sew.].' 

In  1870  Captain  Butler  received  ordei-s  from  Lieut  -  Go  vemo  :< 
Archibald,  of  Manitoba,  to  proceed  on  a  mission  to  the  Saskatchewan. 
While  returning  from  the  Far  West  bo  passed,  on  the  25tli  Decern 
bcr,  1871,  through  tho  village  of  A^ictoria,  which  lies  on  the  Nortt 
Branch  of  the  river,  about  midway  between  Fort  Edmonton  auC 
Fort  Pitt,  and  was  shown,  in  the  farmj'ard  of  tho  mission-house  o 
that  Station,  a  curious  block  of  metal  of  immense  weight.  It  wa  ■= 
rngged,  deeply  indented,  and  polished  on  the  edges  by  we; 
friction.  Lunger  than  any  man  could  say,  it  bad  lain  on  the  s 
of  a  hill  out  on  the  southern  prairies.  It  had  been  a  medicine-sion 
of  Bnrpassing  virtue  among  the  Indians  far  and  wide,  and  no  trib^ 
or  member  of  a  tribe,  would  pass  in  the  neighbourhood  withoi* 
visiting  this  great  medicine.  It  was  said  (o  be  increasing  yearly  i' 
weight.  Old  men  remember  to  have  heard  old  men  say  that  tbe_ 
iSj  W.  F.  Butler.    London;    S*iupsoD  Low.     1S7: 
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liad,  at  one  time,  lifted  it  easily  from  the  ground ;  now,  no  single 
man  can  cany  it.  Not  very  long  before  Captain  Butler  saw  this 
meteorite,  it  had  been  removed  from  the  hill  on  which  it  had  so  long 
rested  and  been  brought  to  Victoria.  When  the  Indians  found  that  it 
had  been  taken  away,  they  were  loud  in  the  expression  of  their  regret 
The  old  medicine-men  declared  that  its  removal  would  bring  great 
misfortune,  and  that  war,  disease,  and  dearth  of  buffalo  would  afflict 
the  tribes  of  the  Saskatchewan.  This  was  not  a  prophecy  made  after 
the  outbreak  of  small-pox  which  was  devastating  the  district  when 
Captain  Butler  was  there,  for  in  a  magazine  published  by  the  Wes- 
leyan  Society  of  Canada,  there  appears  a  letter  from  the  missionary, 
announcing  the  predictions  of  the  medicine-men  a  year  prior  to  Cap- 
tain Butler's  visit,  and  concluding  with  an  expression  of  thankful- 
ness that  their  dismal  prognostications  had  not  been  realized.  A  few 
months  later,  however,  brought  all  the  three  evils  upon  the  Indians. 
Never,  probably,  since  the  first  trader  had  traversed  their  land  had 
so  many  afflictions  of  war,  famine,  and  plague  fallen  upon  the  Crees 
and  the  Blackfeet  as  during  the  year  succeeding  the  removal  of  their 
Hanito-stone  from  the  lone  hill-top  upon  which  the  skies  had  cast  it. 
This  iron  has  not  yet  been  analysed. 

1871.— Boekingham  Co.,  If .  Carolina.^ 
This  meteoric  iron,  a  small  specimen  of  which  is  in  the  Vienna 
collection,  is  described  as  exhibiting  the  ordinary  lamellae  and  figui-es. 
It  contains  iron  chloride  in  the  form  of  a  solid  green  substance 
enclosed  in  the  metal  itself.  This  compound  was  first  observed  by 
J.  L.  Smith  in  1852  in  the  Tazewell  iron. 

1872.  July    23rd.    520  p.m.   (Tours   mean   time). — Glance   and 
Authon,  Canton  of  St.-Amand,  Loir-et-Cher,  France.' 

An  observer,  reports  M.  De  Tastes,  stationed  between  Champigny 
and  Brisay,  in  the  Canton  I'llo-Bouchard,  noticed  during  full  sun- 
shine a  sudden  increase  of  light,  and  raising  his  eyes  saw  a  brilliant 
meteor,  which  was  of  a  rosy  omnge  colour,  and  appeared  to  be  double, 
traversing  the  heavens  with  enormous  velocity  from  S.W.  to  N.E. 
Its  brilliancy  suddenly  increased  as  it  separated  into  two  luminous 
globes  and  passed  out  of  sight  in  the  direction  of  Tours.  At  5*26  he 
heard  a  sharp  sound,  unattended  by  an  echo.  The  inhabitants  of  the 
Communes  Monthodon,  Neuville,  Chateaurenant,  Beaumont-la-Ronce, 
and  Dammarie,  north  of  Tours,  were  alarmed  by  a  tremendous  ex- 
plosion, which  shook  the  houses,  and  a  small  cloud  of  smoke  was 
seen  in  the  direction  of  Saint- Amand,  still  further  north.  Had  this 
happened  at  night  instead  of  in  an  atmosphere  illumined  by  the 

*  G.  Tschcnnak.  Mineralog.  Mitt.,  Jahrgang  1872.— J.  L.  Smith,  Am.  Jour.  Se., 
1874,  rii.  395. 

»  r  Union  libdrale,  Tours,  26tli  July,  1872.— Z^  Loir,  4tli  August,  1872.~M.  De 
Tastes.  Compt.  rwirf.,  Ixxv.  273. — G.  A.  Daubree.  Compt.  rend. ,  Ixxv.  308  and  466. — 
G.  A.  Daubree  and  M.  Jolly.  Compt.  rend.,  Ixxv.  505. —P.  de  Floury.  Note  surles 
Meteores  d'origine  cosmique  a  propos  de  1' Aerolithe  du  23  Juillet,  1 872.  Blois  : 
Imp.  P.  Dufresne,  1872. — G.  A.  Daubree.  Compt.  rend.^  Ixxix.  277. — Vln^liivA^ 
August  6th,  1874.— Xa  Natun,  ii.  169. 
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evening  sun,  it  would  not  merely  tsve  attracteil  the  notice  of  the  few 
observerB  whose  attention  happened  at  that  instant  to  be  directed 
townrde  the  ekj.  The  meteors,  though  distinctly  separate  to  many 
observers,  were  oloee  together,  and  had  the  appearance  of  two  candle 
flames  proceeding  horizontally  at  a  very  low  elevation.'  The  loud 
report,  which  to  many  peraons  appeared  to  be  two  reports  in  rapid 
succession,  was  followed,  as  is  so  often  the  case  in  explosions  of  this 
kind,  with  "  rolla  of  musketry,"  lasting  30  to  40  seconds. 

A  large  meteorite  fell  in  a  field  at  La  Saye  de  Blois,  near  the  bound- 
ary of  the  commune  of  Lance  and  Saint-Amand,  and  penetrated  the 
soil  to  a  depth  of  1-4  metres.  The  explosion  detached  the  hinder 
portion  of  the  meteorite,  which  fell  as  one  block  to  the  ground,  but 
which,  when  taken  out  of  the  hole,  broke  into  three  pieces.  The 
anterior  portion  of  the  stone  was  shattered  into  fragments,  which 
were  scattered  over  a  stubbled  field  of  wheat.  ITie  owner  of  some 
cidtivated  land  near  8t.-Aiaand  was  within  200  metres  of  the  spot 
where  it  fell.     It  weighed  altogether  47  kilog. 

The  trajectory  of  the  meteorite  appears  to  have  been  nearly  parallel 
to  the  plane  of  the  horizon,  and  the  velocity  is  calculated  to  have 
been  (340  metres  per  second. 

A  search  having  been  instituted  in  the  neighbourhood  for  other 
meteorites  that  may  have  fallen  at  the  same  time,  a  second  stone, 
weighing  250  grammes,  was  found  a  few  days  later  at  a  depth  of 
half  a  metre  below  the  surface,  at  a  point  two  kilometres  from  the 
villflfjeof  Pont-LoiKello  iu  thoCoramuuc  of  Aiitlion,  and  VZ  kilnniefres 
to  the  S  W.  of  the  spot  where  the  first  stone  fell.  These  two  places 
are  on  the  line  of  the  trajectoi?  of  the  meteor.  Here,  as  in  the  oase 
of  the  fall  of  other  meteorites — for  example,  those  of  Orgneil,  Tam- 
et-Garonne  (1864,  March  14th) — the  smaller  atone  fell  first.  A 
superficial  inspection  will  convince  the  observer  of  the  common 
origin  and  similar  constitution  of  the  two  stones. 

The  crust  of  this  meteorite  is  dull,  and  shows  in  different  parts 
the  manner  in  which  the  air  has  afiected  the  heated  surface  during 
the  descent.  A  freshly -fractured  surface  differs  from  that  of  a  great 
number  of  meteorites  in  being  of  a  very  dark  grey,  almost  black, 
colour,  recalling  that  of  certain  basalts ;  it  possesses  a  spherular 
structure,  the  grains  not  exceeding  1  mm.  in  diameter.  Many  are 
transparent  and  colourless,  while  some  are  of  a  yellowish-green ; 
when  examined  in  a  microscopic  section,  these  are  seen  to  be  full  of 
flaws  and  to  act  powerfully  on  polarized  light;  here  and  there  are 
particles  of  the  hronze-like  yellow  hue  of  iron  monosulphide  or  with 
metallic  lustre ;  the  latter  are  rarely  more  than  \  mm.  in  diameter, 
and  are  malleable.  The  specific  gravity  is  found  to  be  880 ;  but 
whether  this  is  the  density  of  the  silicate  freed  from  nickel-iron,  is 
not  stated. 

By  treatment  with  water  0'12  per  cent,  of  sodium  chloride  was 
extracted  from  a  portion  of  this  meteorite.    As  this  salt  is  so  common 

'  A  rimilar  inatance  of  tlie  diTirion  of  a  meteor  into  two  during  its  paaange  throogh 

the  atmcMphere  (whieh  may  be  represented  thus " •)  wae  obeerred  at  the 

_  Sicobui,  187i,  Afaj Slrt,  630  p.m.     {Prte.  Antt.Soe.  BtogtU, lB74,Ho.riii.  166.) 
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a  oonstituent  of  the  earth's  crust,  it  seemed  at  first  sight  probable 
that  it  owes  its  presence  to  infiltration  of  water  holding  it  in  solu- 
tion. The  clay-like  soil,  however,  in  which  the  Lance  meteorite  lay 
during  three  days  was  dry,  and  the  vitrified  crust  covering  the  stone 
would  preclude  an  infiltration  of  salt  to  its  centre,  from  which  part 
the  fragment  analysed  was  taken.  Moreover,  the  absence  of  calcium 
salts,  which  would  be  expected  to  be  associated  with  it,  was  fully 
established.  The  sodium  chloride  ^  of  the  Lanc^  meteorite,  like  the 
calcium  chloride  of  the  Ovifak  iron  (se^  page  122),  appears  beyond 
question  to  be  of  cosmical  origin.  The  probable  presence  of  what  must 
be  a  trace  only  of  copper  was  ascertained  by  spectrum  analysis.  No 
carbon  was  met  with. 

An  analysis  of  the  stone  showed  it  to  possess  the  following  com- 
position : 

1.  Iron,  as  nickel-iron. 7*81 

2.  Iron  and  other  metals  combined  with  sulphur    9*09 

3  Sulphur  combined  with  the  abore  metals    6*19 

4«  011IC1C  aciQ       ...     ...     ...     ...     •••     •••     •••     ...     ...  1/ *«u 

5.  Iron  protoxide 11*33 

6.  Manganese  protoxide     0*05 

#.  Ju.av'uesia  .•     ...     «••     .••     •••     «•«     «.«     .«,     ..•     ...     i«>*oo 

8.  Sodium  chloride      0*12 

9.  Constituents  not  acted  upon  by  acid     33*44 

10.  Hygrometric  water 1-24 

99*33 

The  constituents  Nos.  4,  5,  6,  and  7  make  up  42*44  per  cent,  of 
the  stone,  and  are  those  of  an  olivine  in  which  the  oxygen  ratio 
of  Fe  :  Mg  is  1  :  2,  the  same  as  that  of  the  olivine  of  Chassigny, 
^ais,  and  other  meteorites. 

By  acting  upon  a  portion  of  the  meteorite  with  hydrogen  and 
chlorine  successively  at  a  high  temperature  it  lost  34*98  per  cent,  in 
weight  It  appears  from  this  that  the  iron  and  manganese  oxides 
of  the  olivine  underwent  reduction,  and  the  water  was  removed  by 
the  first  reagent,  while  the  iron,  nickel,  and  cobalt,  either  free  or 
combined  with  sulphur,  together  with  this  sulphur,  as  well  as  the 
two  metals  forming  constituents  of  the  olivine,  which,  it  appears, 
lose  their  oxygen  when  treated  with  hydrogen,  were,  one  and  all, 
removed  by  the  action  of  chlorine.  They  amount  together  to  34*66 
per  cent.  Daubree  concludes  from  this  that  the  residue  consists  of 
the  silicate  which  withstood  the  action  of  acid,  together  with  the 
silicic  acid  and  magnesia  of  tliat  which  gelatinizes  in  contact  with 
this  reagent.  It  is  to  be  regretted  that  the  composition  of  the 
insoluble  portion,  which  constitutes  one-third  of  the  stone,  and  of 
which  we  are  told  that  it  consists  at  least  of  two  substances,  one 
colourless  (enstatite?),  and  the  other  almost  black  (chromito?),  has 
not  been  determined. 

'  Sc'heere  rfound  this  chloride  in  the  meteorite  of  Stannern  {Jour.  cU  Phy».^  Ixi. 
469). — In  some  hailstones  which  fell  1871,  August  20th,  II  a.m.,  at  Zurich,  and  some 
of  which  weighed  12  grains,  Kenngott  found  cubes  or  fragments  of  cubes  of  sodium 
chloride.     He  believea  that  they  might  have  been  carriea  by  the  wind  from  North 
Africa. 
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Tn  its  general  aspect  the  Ltmce  meteorite  resembles  tliat  which  fdll 
at  Omans  (186G,  July  11th). 

Sines  the  publication  of  these  papers  recording  the  fall  and  tiie 
examination  of  the  Lance  stone,  a  letter  has  been  addressed  to 
M.  Danbree  by  M.  Jolly,  stating;  that  an  observer,  who  was  ftt 
Cbiiioe,  Commune  of  Janlnay.  Canton  of  Saint-Oeorges,  IHp.  of  la 
Vienne,  heard  two  loud  explosions,  which  appeared  to  oome  from 
the  direction  of  Chatellerault,  and  a  hissing  noise,  such  as  would  be 
caueod  by  the  rapid  passage  of  a  large  body  through  the  air.     This 

eint  is  forty  kilometres  to  the  8.W.  of  that  reported  on  by  M.  De 
stes. 

In  August,  1874,  Daubree  announced  the  discovery  of  four  mora 
meteorites  belonging  to  this  fall.  They  weigh  3  kilog ,  0-62  kilog., 
0-60  kUog.,  and  030  kUog.  The  first  had  fallen  near  the  Sablet, 
between  Authon  and  ViUechauve ;  the  second  and  third  were  found 
about  100  metres  apart  at  points  north  of  Authon  and  about  three 
kilometres  from  Pmnay ;  and  the  fourth  had  fallen  in  the  Commune 
of  Authon. 

1872,  Aagnst  Slst.  5'lfi  a.in,  (|Rome  mean  time), — Orrinio  (formerly 
Canemorto),  near  Rome.  [lat.  42^  8'  N. ;  Long.  12"  Sff  E.J ' 

A  meteor  was  iteen  at  daybreak  by  mtiny  observers  in  the  pro- 
vinces of  Kome,  Umbria,  Abruzzo,  and  Terra  di  Lavoro.  At  first  it 
appeared  like  a  large  star  of  a  red  colour.  It  increased  in  briUianca 
as  it  traversed  the  sky,  in  a  nortlierly  direction,  leaving  a  white 
train.  At  a  certain  point  it  became  brilliantly  whiti;,  and  then 
Tanisfaed,  a  luminous  cloud  remaining,  which  was  visible  for  a  qnaiter 
of  an  hour.  The  meteor  appears  to  have  crossed  tlie  coast-line  at  a 
point  near  Terracina,  to  have  posaed  over  Piperno  in  a  direction  7° 
W.  of  N.,  and,  moving  N.N.E.  over  Cori  and  Cennazzano,  to  have 
exploded  over  the  latter  town.  After  the  lapse  of  two  to  three 
minutes,  two  reports  were  heard,  the  first  like  that  of  a  cannon,  the 
second  like  a  aeries  of  from  three  to  six  guns  fixed  in  rapid  succession. 
The  greater  part  of  the  stone  fell  at  Urvinio,  over  which  place  the 
second  explosion  appears  te  have  taken  place,  and  some  fragments 
were  carried  further  northward. 

Six  fragments  of  the  meteorite,  weighing  collectively  3'396  Ulog., 
have  been  found  : — No.  1,  weighing  4|^  grammes,  fell  with  a  hissing 
noise  near  a  peasant  at  Gerano ;  No.  2,  weighing  92  grammes,  feU  at 
La  Scarpa,  within  ten  metres  of  a  farmer,  who  picked  it  up  while 
hot;  No.  3,  weighing  622  grammes,  was  found  two  or  three  days 
after  the  fall  a  few  centimetres  below  the  surface,  in  a  stubbled  field 
at  Fezza  del  Melete,  between  Orrinio  and  Fozzaglia;  No.  4,  1242-5 
grammes  in  weight,  was  found  a  week  after  the  f^,  dose  to  Orvinio : 

'  A.  Sccchi.  Gtmpl.  read.,  tuT.  6S5. —  G.  S.  Ferrari.  Bichercbt  flsico-aitrono- 
michc  intorno  all'  CranoUlo  caduto ncll' agro  Bomuio  il31  diAgoalo,  1S72.  Bom«: 
Tip.  MeU.  Arti.  1873.— P.  KeUer.  Pogj.  Ann.,  cl.  171.  Mtatraby.  Mill.,  1874, 
36S.— M.  le  CheTalier  Uichel-E^enne  de  Rosai  sad  G.  Bellufci.  AUi  diW  Aet. 
fonlif,  di  tiHOvi  Lineii,  18T3. — Lft  Mondtt,  2alh  December,  IS73. — L.  Sipdct. 
Miatrahg.  Mill.,  1874,  2i4.— G.  TBchermalt.  BiU.  At.  Wia.  Wtm,  Ux.  NoT«nb« 
Heft,  1874. 
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the  grass  around  it  had  been  somewhat  singed ;  No.  5,  weighing  432 
grammes,  was  picked  up  a  week  after  the  fall  at  Pezza  del  Meleto ; 
No.  6,  weiging  IOCS  Mlog.,  was  found  on  the  8th  May,  200  metres 
distant  from  No.  4,  at  a  very  trifling  depth,  while  turning  up  the  soil 
of  a  field. 

At  the  time  of  the  fall  a  man  was  passing  the  spot  where  fragments 
numbered  4  and  6  were  found.  Immediately  after  the  explosion,  he 
heard  the  sound  of  a  heavy  body  striking  the  earth,  and  he  fell  on 
the  ground  with  fear.  At  the  same  time,  or  a  little  later,  a  fire  broke 
out  in  a  bam  filled  with  hay  in  the  village  of  Affile,  and  the  oocur- 
renoe  was,  with  general  consent,  ascribed  to  the  meteorite. 

In  September,  1873,  Keller  learnt  that  two  more  small  fragments 
bad  fallen  near  the  village  of  Anticoli  Corradi.  The  one  fell  near  t¥ro 
boys  who  were  tending  cattle.  They  became  alarmed  at  the  hissing 
noise,  and  believing  this  projectile  to  be  aimed  by  the  Devil,  they 
picked  it  up,  and  threw  it  far  away  from  them.  The  other  stone  was 
obeerved  to  fall  on  the  bare  rock,  and  to  break  in  pieces.  The  frag* 
mmits  were  collected,  but  as  they  were  held  to  be  of  no  value,  they 
were  subeequently  lost.  In  the  case  of  this  aerolite,  as  in  that  of 
others,  the  smaller  appear  to  have  fallen  before  the  larger  fragments. 

Hie  velocity  of  this  fall  must  have  been  very  slow.  The  authors 
do  not  state  whether  any  of  the  fragments  could  be  fitted  together ; 
their  specific  gravity  ranged  between  8*58  and  3*73 — in  one,  richer 
in  metidlio  constituents,  it  amounted  to  4*598.  Two  of  the  fragments 
bear  portions  of  the  crust  lying  in  pits  and  hollows.  It  is  only  \  mm. 
thick,  has  a  pitch-black  colour,  and  exhibits  in  some  places  a  waxy 
lostre.  The  mass  of  the  stone  is  of  a  lead  grey  colour,  being  darker 
than  that  of  the  aerolites  of  Pultusk  and  Monte  Milone.  A  polished 
surface  exhibits  metallic  grains,  some  2  mm.  in  diameter,  and  a  green 
silicate,  probably  olivine.  The  ground-mass  appears  to  be  made  up 
of  two  minerals,  one  clear  and  uniform,  the  other  dull  and  less 
homogeneous.     The  stone  acts  powerfully  on  the  magnet. 

In  Ferrari's  memoir  is  given  a  plan  of  the  country  near  Bome,  on 
which  is  indicated  the  track  of  the  meteor  and  the  positions  where 
the  stones  fell.  The  line  of  flight,  a  singularly  devious  one,  is  seen 
to  pass  immediately  over  the  summits  of  M.  Leano,  M.  Sempreviso, 
M.  Lapone,  and  quite  near  to  that  of  M.  Grennaro,  the  chief  moun- 
tains of  the  district,  and  suggests  the  gravitating  action  of  these 
more  elevated  masses  of  the  earth's  surface  on  the  path  of  the 
meteor.  A  sketch  of  the  latter,  the  trajectory  of  which  is  computed 
to  have  been  inclined  27*^  to  the  plane  of  the  horizon,  accompanies 
the  map. 

The  paper  of  M.  Le  Chevalier  Michel-Etienne  de  Rossi  gives  the 
analysis  and  observations  of  Prof.  Bellucci,  of  Perugia.  When 
heated  to  120^  the  powdered  mineral  lost  1*875  per  cent,  and  by 
treatment  with  water  a  little  potassium  and  sodium  chloride  were 
dissolved.  (Compare  with  Daubree's  examination  of  the  Lance  stone, 
page  220.)  The  magnet  removed  29-04:  per  cent,  and  acid  45*04 
per  cent.  The  analysis  of  a  portion  of  the  stone  gave  the  following  ^ 
numbers  :  silicic  acid  =  46*72 ;  alumina  =  16*84  *,  mag;ti^^\a.:=.V^l  ^-fl 
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iron  =25-59;  iron  oxide  (/«■  oajtl^j  =4-83;  «iI|)hnr  =  2-24;  tiicM  \ 
with  trace  of  cobalt  =^  1*37  ;    with  traces  of  calcium,  cbromima, 
manganese,  arsenic,  and  plioepboruB.    Tn-o  points  ora  worthy  of  r»-    , 
mark  in  this anal^Kis :  first,  the&stonishingljrlnrgeaiaonntofaliimiiui    j 
present,  far  in  excess  of  that  found  ia  aoj  other  meteorile.     Id  the 
aliacnco  of  a.  secou'l  and  coufirmalory  anidysis,  it  m«y  be  aEsumed 
that  insiiiBcient  ammonium  cMoride  wae  employfid,  and  the  greater    I 
portion  of  the  16'84  per  cent,  is  magnesia,  whioh  was  precipitated    I 
with  the  alumina.     Secondly,  the  occurrence  of  arsenic,  which  is  of    ' 
extreme  rarity,  in  a  meteorite ;    it  is  utated  to  be  present  in  the    ,, 
iron  of  Braunau  anil  the  olivine  of  the  Atocama  sideroUte.  |i 

Tschenuak'e  report  of  his  examination  of  this  sbine  appeared  in 
the  winter  of  1874.  The  Btrnotare  developed  on  cutting  tJie  etone  is 
unriBkial  and  remarkable,  ainsisting  of  light- coloured  fragments  (L), 
surrouoded  by  a  compact  dark  cementing  material  (IL).  The  former 
arc  yellowish -grey,  inclose  spherules  and  particles  of  iron  and  I 
magnetic  pyrites ;  are,  in  fact,  normal  chondrit*,  and  resemble  the  i 
mass  of  the  stone  which  fell  at  Seres  in  Macedonia  (1818,  June}. 
I'hc  latter  incloses  numerous  partiolee  of  iron  and  magnetic  pjriteis  | 
for  the  moBt  part  uniformly  distributed';  the  portion  nearest  the 
inclosed  fragments  beats  very  distinct  indications  of  having  been  at 
ono  time  fluid,  and  conveys  the  impression  that  this  cementing 
material  was  at  one  time  in  a  jiloslic  condition  while  in  motion. 
Along  the  boundary  of  these  two  very  dissimilar  portions  flaws  are 
seen,  in  which  nickel-ivon  bos  crj'Stallized  in  delicate  plate-like 
forms ;  and  here,  moreover,  the  fragments  are  darker,  harder,  and 
more  brittle  than  those  of  tho  centre,  which  argues  the  exposure  of 
the  cementing  material  to  a  very  high  temperature  while  in  a  plastic 
condition.  Both  portions  have  nearly  the  same  density  and  appar- 
ently the  same  chemical  comjxisition  and  mineral  characteristics. 
The  Orvinio  stono  resembles,  in  fact,  certain  brecciated  volcanic 
rocks  which  consist  of  a  ground  mass  through  which  granular  frag- 
ments of  the  same  rock  are  distributed,  as  when  older  crystalliD6 
lavas  are  inter|)cnetrated  by  others  more  compact  and  of  a  more 
recent  period. 

The  light-coloured  fragments  are,  as  has  been  stated,  chondritio ; 
tho  spherules  are  usually  of  one  kind,  lying  in  a  sjiiintery  luatrii  of 
tlie  same  mineral,  containing  some  nickel-iron  and  magnetic  pyrites. 
Among  the  transjtarent  constituents,  olivine  is  recognized  by  its  im- 
perfect cleavage ;  a  second  minci-al,  witli  a  distinct  cleavage  along 
a  prism  of  nearly  quadratic  section,  is  evidently  broiizitc ;  while 
a  third,  which  occurs  in  fine  foliated  or  fibrous  particles,  may  he 
eillicr  identical  with  the  above  or  be  a  felspathic  ingredient. 

Tho  meteoric  rocks  possessing  chondritic  structure  are  regarded 
by  Tschcrmak  as  tufas,  which  have  undergone  detrition  ;  and  their 
si)liorules  to  bo  such  particles  as,  by  their  superior  toughness,  have, 
diu'ing  the  tritur.ation  of  the  rock,  instead  of  breaking  up  into 
splinters,  acquired  a  rounded  form. 

A  black  material  is  observed  to  coat  the  fragments  of  the  rock 
and  to  fill  tho  finer  flaws  existing  between  tlieui,  whereby   their 
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transparent  character  is  considerably  impaired;  this  has  also  been 
noticed  in  the  meteorite  of  Tadjera  (1867,  June  9th). 

The  dark-coloured  cementing  material  contains  two  ingredients : 
an  opaque  semi-vitreous  constituent,  and  particles  in  every  way 
similar  to  the  dark  crust  of  the  fragments  from  which  they  may 
probably  have  been  detached ;  many  of  them  can  still  be  recognized 
as  olivine  and  bronzite.  The  nickel-iron  and  magnetic  pyrites  of 
this  portion  of  the  stone  are  more  finely  divided  than  in  the  frag- 
ments, and  have  often  a  rounded  form.  The  metal  of  this  portion, 
as  well  as  in  the  other,  exhibits  no  Widmannstattian  figures ;  but  in 
both,  by  treatment  with  acid,  lines  are  developed  like  those  of  the 
Braunau  iron. 

The  two  species  of  rock  :  the  chondritic  fragments  (I.)  and  the 
darker  cementing  material  (II.)  :  have  the  following  composition  : 

Silicic  ftcid      

j^mmun  ...     ...     ...     ...     ...     ... 

Chromiiim  oxide 

Iron  protoxide 

Magnesia 

XjAUlt?  ••«  ••  •••         •••         ••• 

k^  vxAA  •••     •••     •••     •••      ••     •••     ••• 

X  vWmH       •••      aaa      •••      •••      •••      ••• 

JL  A  \^IA    ■••      ••       ■••      •••      •••      •••      •••      < 

Nickel,  with  trace  of  cobalt , 

Sulphur   ...     


Specific  g^vity       

These  results  establish  the  similarity  in  composition  of  the  two 
portions,  and,  as  Tschermak  points  out,  the  erroneous  character  of 
Belacci's  analysis,  to  which  attention  has  already  been  directed. 

Tschermak's  paper  is  illustrated  with  a  plate,  giving  a  figure  of 
the  meteorite  he  examined;  a  drawing,  actual  size,  of  the  section, 
Bhowing  very  distinctly  the  appearances  of  fusion ;  and  three  micro- 
'HK)pic  sections,  magnified  20  diameters,  of  the  two  rock  varieties 
composing  the  greater  part  of  the  stone. 

1872.  November  3rd.    5-30  p.m. — Nairn,  Scotland.^ 

A  meteor  of  unusual  brilliancy  was  observed  to  take  a  direction 
from  E.S.E.  about  2(P  from  the  horizon.  The  sky  was  so  lighted  up 
for  two  or  three  seconds  that  the  observer  could  have  picked  a 
pin  from  the  ground.  Darkness  followed,  and  again  the  light  burst 
forth  stronger  than  before,  and  shortly  afterwards  a  sound  was  heard 
^if  three  or  four  cannon  had  been  discharged  at  the  distance  of  a 
quarter  of  a  mile.  The  meteor  appeared  to  move  from  the  southern 
part  of  Banflshire,  towards  the  centre  of  Inverness-shire,  and  to 
hurst  8oraewhei*e  near  the  source  of  the  river  Nairn.  It  was  also 
obrjerved  at  Glasgow. — A  second  very  bright  meteor  was  seen  about 
^'15  (G.  M.  T.)  at  Bristol  and  Portsmouth,-  passing  from  the  zenith 

H.  D.  Penny.     Brit,  A^soc.  Report ^  1873,  Obs.  Luminous  ^frteors,  369. 
£•  B.  Gardiner.     Brit.  Assoc.  Report^  1873,  Obs.  Luminous  MeU'ors,  ^Vio. 
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down  towards  10°  E.  of  the  Pleiades  in  Taurus.  A  Bonnd  as  oF  an 
explrjsion  was  heard  three  secouils  after  its  disuppenrance. 

I         1872.   Hovember  I3th.  2  a-in.    "  Seveustoiies  "  Light-ahip,   SciUy 
lalandB.' 

A  letter,  addressed  hy  the  Secretary  of  the  Corporation  of  the  Trinity 

I  House  to  the  Presideut  of  the  KoyiU  Society,  states  that  at  the  abovo 

hour  a  meteor  burst  over  the  "SoveuBtones"  Eight- vessel,  moored  about 

I  9J  miles  E.  by  N.  of  the  Scilly  Islands.    The  watch  were  struck  sense- 

less for  a  short  period,  and  on  racovery  they  observed  "  balls  of  fixa 
falling  in  the  wat«r  like  splendid  fireworks,"  while  the  deck  was    , 

'  cnvered  with  cinders,  '*  which  crushed  under  the  sailors'  feet  as  they 

walked."  The  writer  states  that  the  "cinders"  were,  there  is  reason 
to  feur,  all  washed  off  the  decks  by  the  rain  and  sea  before  daylight. 
Miss  Came,  of  Pennance,  and  Mr.  Tailing,  of  Lostwithiel,  fi>  whom 
I  applied  for  information,  did  aot  suoceed  in  obtaining  any  further 
details  respecting  this  remarkable  occurrence. 

1872.  SoTBinber  SOth.  2  8  p.m.— Slough,  England.' 

The  descent  of  this  'meteor'  was  witnessed  by  Sir  J.  C.  Cowell, 

who  states  that  it  fell  one  mile  «ast  of  Slough,  and  about  100  yards 

south  of  the  Great  Western  Railway.    He  writes  that  the  phenomenon 

occurred  during  a  short  and  sharp  thunderstorm  which  passed  over 

I  Korth  Hants  and  EJast  Berks.  It  is  a  question  wbethet  Uiis  was  not 
a  form  of  ball -lightning.  "  The  explosion  was  similar  to  that  of  a 
heavy  yun  "Iicii  fired."  A  sk&tch  aci?om]>nn_yiiig  tlio  Diitice  repre- 
sents the  fire-ball  striking  a  ploughed  field,  between  the  observer 
and  some  trees.  It  is  not  stated  whether  any  search  was  made  at 
the  time  for  a  meteorite. 

(T»  be  continued  in  our  next  yumitr.J 

Yl. — POBTBCRIPT  TO   A   PAPEB   ON   THK   FOBT-PuOOKNK    FoKHATIOMS 

or  THB  Isle  of  Man.* 
S;  J.  A.  BiKDB,  S.A. 

WHEN  I  sent  the  above  paper  to  the  Geoloqical  Kaqazikb,  I 
was  not  aware  that  a  Sketch  of  the  Geology  of  the  Isle  of 
Man,  bj  Mr.  John  Home,  F.G.S.,  of  the  Geological  Survey  of  Soot- 
land,  had  been  published  in  the  Transactions  of  the  Edinburgh 
Geological  Society.' 

A  notice '  of  Mr.  Home's  sketch  afterwards  appeared  in  the 
December  Number  of  the  Gbolooioal  Magazine  ;  and  tbe  aatbor 
has  since  kindly  sent  me  a  copy  of  his  paper. 

I  am  happy  to  find  that  I  nm  in  agreement  with  Mr.  Home  a»  to 
there  being  two  Boulder- clays,  with  intei^lacial  beds,  represented  in 
the  Isle  of  Man ;  and,  further,  that  there  are  abundant  memoriala 
left  of  the  period  of  the  great  submergence. 

Mr.  Home's  account,  too,  of  the  striation  of  the  rocks,  and  th« 

'  R'.  Allen     Proe.  Sm/al  Sot.,  iii.  122. 

*  Sii  J.  C.  Conell.     Naturi,  26th  December,  1873.  ■ 
>  See  the  G«ol.  Mio,,  Dec.  11.  Vol,  11.  Feb.  187fi,p.  80.  ■ 

*  Trans.  Edinburgh  Geol.  Sue.,  1874,  »ot.  ii.  part  3.  ■ 

*  Geol.  Uao.,  Dec  11.  Vol.  I.  Dec.  lS7i,  p-  G60.  f 
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origin  of  the  Lower  Boulder-clay  (thoagb  I  differ  with  him  aa  to 
which  is  the  Lower  Boulder-clay),  as  produced  by  a  resultant  from 
the  collision  of  the  Scotch  and  Cumberland  glaciers  and  from  the 
advance  of  another  great  Lish  glacier,  seems  to  me  very  plausible, 
and  may  possibly  be  true.  He,  however,  divides  the  Post-Pliocene, 
formations  into,  in  descending  order : — 

1.  Stratified  gravels,  sands,  and  shelly  days. 

2.  A  Eame  series. 

8.  Upper  Boulder-clay  =  Scotch  Maritime  Boulder-clay. 

4.  Intermediate  beds  of  stratified  sands  and  gravel. 

5.  Lower  Boulder-clay  =  Scotch  Till. 

And  he  accounts  for  the  formation  of  the  first  two  members  of  the 
aeries  by  snpposing  them  to  have  accumulated,  not  without  the  aid 
of  icebergs,  during  the  great  submergence ;  and  the  last  three  to  have 
been  formed  during  the  first  Glacial  period,  in  which  there  was  one 
or  several  intervals  of  retirement  of  the  ice,  when  the  intermediate 
beda  were  deposited. 

In  my  paper  I  have  taken  the  formations  to  occur  in  just  the 
reverse  order,  viz.  in  ascending  series  : — 

1.  Lower  Boulder-clay  =  Mr.  Home's  shelly  clays ;  passing  up 
into 

2.  Middle  Drift  =  Mr.  Home's  stratified  sands  and  gravels  and 
Eame  series ;  and  thence  into 

3.  Upper  Boulder-clay,  with  intercalated  beds  of  sand  and  gravel 
=:his  Upper  and  Lower  Boulder-clays,  with  the  same  intercalated 
beds. 

I  may  add  that  I  regard  my  Upper  Boulder-clay  (yellowisb-brown 
and  bluish)  as  analogous  to  similar  deposits  in  the  mountains  of  the 
Lake  District;  and  the  Middle  Drift  and  Lower  Boulder-clay  as 
analogous  to  similar  deposits  in  the  Blackpool  cliffs. 

The  mode  in  which  I  conceive  each  meuil>er  of  the  series  to  have 
been  formed  has  been  already  indicated  in  my  paper. 

As  to  which  is  the  true  order  of  the  formations,  the  question  must 
be  determined,  of  course,  by  reference  to  sections,  such  as  that  of 
which  Mr.  Home  has  given  a  lithograph,  near  the  mouth  of  the  Bal- 
lure  Glen,  and  by  all  sections  thence  along  the  northern  base  of  the 
hills  to  Kirkmichael. 

As  far  as  my  observation  went,  I  identified  the  sands  and  gravels 
capping  the  clays  at  the  northern  end  of  the  island  with  similar  sands 
and  gravels  in  the  cliffs  at  Kirkmichael,  and  on  the  shore  at  the  Bay 
of  Peel. 

A  priorij  however,  is  it  not  against  Mr.  Home's  view  of  his  Lower 
Boulder-clay  being  really  such  tliat  there  should  be  intermediate  for- 
niations  of  sand  and  gravel  when  the  cold  wa.s  at  its  extreme,  and  the 
ice,  according  to  his  showing,  2,000—3.000  feet  thick?  Is  it  not 
^Uch  more  probable  that  these  interglacial  beds  should  have  been 
formed  during  the  Upper  Boulder-clay  period,  when  the  cold  was 
^uch  less  and  the  ice  thinner? 

And  secon«lly,  if  all  the  deposits  are  assigned  to  the  first  glacial 
Period  and  the  great  submergence,  what  memorials  are  left,  b^^o^A 
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Boms  possilJo  moraines,  of  fbe  fiGoond  glaciul  period,  or  the  times 
next  preceding  and  following  it?  Surely  thora  ought  to  bo  snch  if 
the  laud  has  not  been  subiuerged  Bince. 

I  would  take  this  opportunity  of  correcting  an  error  of  the  press 
in  my  previous  paper.  In  the  diagrama,  p.  83,  for  "  Account  of  the 
Isle  of  Mfto,"  read  "  Antiquity  of  Man  ;"  also,  for  Turby  read  Jurby, 
pp.  84  and  85. 

In  reply  to  Mr.  Einabftn'a  letter  in  the  April  Niimlwr  of  the 
Gkolooical  Magazine,  I  may  bo  allowed  to  say  that  be  soems  to 
asBume  that  I  had  seen  the  deposits  to  which  he  refers,  and  had  been. 
writing  from  personal  observation.  In  this  ha  is  mistaken,  as  I  have 
never  been  in  Ireland.  In  alluding  ki  the  order  of  the  Irish  glacial 
seriea,  I  relied  solely  on  the  nufhority  of  Professor  Hull's  paper.' 

Mr.  Einahan  dlBScnts:  and  Bays  thiit  nn  Upper  Glacial  Drift 
(Boulder-clay)  has  not  been  proved  to  exist  in  Ireland;  but  it  is 
clear  that  he  says  so  on  the  ground  of  a  different  definition  of  Qlacial 
Drift,  implied  if  not  expressed,  according  to  which  it  is  never  found 
stratified  or  rearranged  ;'  whereas  according  to  the  views  expressed 
in  the  paper  above  referred  to,  being  "  generally  marine," '  it  would 
naturally  often  occur  under  both  conditions. 
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I,— On  the  Origin  of  the  CnKSii.  Hink,  and  on  the  1}et,.itios  oc 
TDK  ExiSTiNO  Beaches  to  past  Oeolooicai,  Chakoes,  indi- 
PENDENT  OF  THE  PRESENT  CoABT  Action.* 

By  Professor  Joseph  Phsbtwich,  M.A,,  F.E.S.,  V.P.G.S.,  Aasoc.  Imt.  C.E. 

THIS  remarkable  bank  of  pebbles,  extending  from  Portland  to 
Abbotsbury,  a  distance  of  nearly  11  miles,  was  described  with 
great  accuracy  by  Sir  John  Coode,  M,  Inst.  C.E.,  in  1853  (ot^ 
"  Minutes  of  Proceedings  Inst.  C.E.,"  vol.  xii.  page  520).'  It  waa 
then  43  feet  high  and  600  feet  wide  at  the  south  end,  decreasing  to 
23  feet  high  and  510  feet  wide  at  the  north  end.  The  pebhlee 
diminished  in  size  from  Portland  to  Abbotsbury.  Sit  John  Coode 
also  stated  that  the  shingle  consisted  chiefly  of  pebbles  of  chalk-flint, 
with  a  small  proportion  of  others  of  red  sandstone,  porphyry  and 
jasper,  none  of  whiob  could  have  been  derived  from  lo43al  rooks.  In 
order  to  determine  their  origin,  he  examined  the  coast  from  Port- 
land to  Start  Point,  and  traoed  the  flints  to  the  chalk  cliffs  between 
Axmouth  and  Lyme,  and  the  red  sandstone,  porphyiy,  and  jasper 
pebbles  to  the  New  Red  Sandstone  of  Badleigh  Salterton,  and  otier 
places  in  Devonshire ;  whence  be  concluded  that  the  only  source 
'  Geol.  Mao.  July,  1871,  pp.  294  sq.  i 

*  Gkol.  Mao.  April,  1874,  p.  171,  and  April,  1875,  p.  189.  i 
'  Gbol.  Mao.  Jnly,  1871,  p.  2BB. 

*  Being  the  eubstanee  of  a  paper  read  at  the  Tenth  OrdinsTT  Meeting  of  dtt      I 
Institatiou  of  Civil  Engineers  held  on  Tuesday  evening,  the  2nd  of  February,  lili-      I 

'  See  also  a  Tuluable  paper  on  the  Chesil  Bank  by  Messrs.  U.  W.  BrisUnr,  F.B.S-,      I 
'  ^  ""  -■-  '   -  "  '     F.G.S.,  iu  Geol.  Maq.,  1869,  VoL  VI.  PL  XIV.  .ad  XV.     I 
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from  which  the  shingle  of  the  Chesil  Bank  could  have  been  derived 
was  between  Lyme  liegis  and  Budloigh,  and  that  it  was  propelled 
eastward  along  the  coast  to  the  Chesil  Bank  by  the  action  of  wind- 
waves,  due  to  the  prevalent  and  heaviest  seas.  The  objection  to  this 
view  urged  at  the  time  by  the  Astronomer  Boyal  was,  that  the 
largest  shingle  occurred  at  the  Portland  end  of  the  beach,  or  the 
most  distant  part  from  which  it  had  travelled. 

More  recently  an  old  ''raised  beach/'  standing  from  21  feet  to 

47  feet  above  the  present  beach,  had  been  discovered  on  the  Bill  of 

Portland,  and  Professor  Prestwich  showed  that  this  beach  contained 

aU  the  materials  found  in  the  Chesil  Bank,  including  also  numerous 

chert  pebbles  from  the  Upper  Greensand  of  the  cliff  between  Brid- 

port  and  Sidmouth.     This  raised  beach  was  not  due  to  any  existing 

agency,  but  to  causes  in  operation  at  a  geological  period  so  remote  as 

the  end  of  the  Glacial  period,  and  before  the  land  had  assumed  its 

present  position  and  shape.     Benmants  of  this  beack  could  be  traced 

in  or  on  the  present  cliffs,  at  intervals  from  Brighton  to  the  coast  of 

Cornwall,  being  more  numerous  in  Devon  and  Cornwall,  as  the  rocks 

were  harder,  than  among  the  softer  strata  of  Dorset  and  Hants, 

where,  with  few  exceptions,  the  old  lino  of  cliff  had  been  worn  back 

and  deeper  bays  formed.     The  travel  of  the  shingle  of  this  old 

beach  was  generally  like  that  of  the  present  beacli  from  west  to  east. 

The  Author  considered  that  the  action  of  the  "  Race"  off  Portland, 

and  of  the  tidal  waves  during  storms,  combined  to  drive  the  shingle 

of  the  old  beach  at  the  Bill,  and  of  that  portion  of  it  which  must  be 

spread  on  the  sea-bed  westward  of  Portland,  on  to  the  south  end  of 

the    Chesil   Bank,    whence   the   shingle   was   driven  northward  to 

Abbotsbury  and  Burton,  by  the  action  of  the  wind-waves,  liaviug 

their  maximum  force  from  tlio  S.S.W.,  a  direction  which  he  showed 

to  be  the  mean  of  the  prevalent  winds.     Hero,  these  wind -waves 

became  parallel  with  the  coast,  and  the  westward  movement  ceased 

about  Bridport,  beyond  which  point  the  shingle  travelled  in  the 

opposite  direction,  viz.  from  west  to  east,  or  from  the  coast  of  Devon 

to  that  of  Dorset;  the  quartzite  pebbles  from- the  conglomerate  beds 

of  Budleigh  Salterton,  which  travelled  from  that  part  of  the  coast 

eastward  to  and  beyond  Sidmouth,  gradually  diminishing  in  numbers 

as  they  approached  Lyme,  very  few,  if  any,  reaching  Bridport    This 

conclusion  was  in  accordance  with  the  facts: — 1.  That  the  pebbles 

of  the  Devonshire  and  Dorset  strata,  which  formed  the  shingle  of 

the  "raised  beach,"  constituted  also  the  bulk  of  tho  Chesil  Bank. 

2.  That  there  were  also,  in  that  bank,  pebbles  of  the  rocks  and  flint 

of  Portland  itself     3.  That  tho  largest  pebbles   occurred   at   the 

Portland  end  of  the  bank,  tho  pebbles  decreasing  gradually  in  size 

^0  Abbotsbury.     The  large  dimensions  of  the  bank  he  attributed  to 

the  great  accumulative  and  small  lateral  action  of  the  waves. 

Professor  Prestwich  next  discussed  the  questions  connected  with 
"ie  Bhingle  of  the  south  coast  generally,  and  showed  that  the  greater 
W  of  it  was  derived  indirectly  from  beds  of  quaternary  gravel 
*n(l  debris,  from  the  wreck  of  tho  **  raised  beach,"  and  partly  from 
^^  strata  of  the  chalk  and  other  cliffs,  and  not  altogether  or  dVteoiVX^ 
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from  the  proeont  oliCfa.  He  ootioed.  nlso,  the  woetward  movement 
of  the  shingle  fivm  Lulworth  towards  Wpyniontli,  owing  to  the 
intorftrenco  of  the  Isle  of  Portland  with  the  foroe  of  the  S.S.W. 
wind-wftvoa,  and  coneidered  that  nonu  of  the  Devon  and  "West 
Dorset  ehingle  beaob  now  passed  the  Bill  of  Portland,  and  that  other 
Buoh  breaks  might  exist  to  the  oastward  whenever  similar  conditions 
wei-e  repeated.  Ho  eTjilained  the  origin  of  the  IHeet,  like  that  of  the 
Weymonth  bn«kwal«r,  and  of  tho  Lodmore  marshes,  by  the  growih 
of  the  Chesil  Bank  on  the  one  hand,  and  of  tho  Bingstead  and  Wey- 
moulh  Beach  on  tlie  other,  grndiiully  damming  in  portions  of  the  old 
coast-line.  Those  beftohes  themselves  travelled  on  ft  line  along 
which  tho  opposing  forces  of  the  wind-waves  and  tidal  currents  and 
the  inertia  of  the  mass  to  be  moved  wore  balanced.  These  views 
were  stated  to  be  in  conformity  with  the  theoretical  opinion  expressed 
on  abstract  gromids  by  Ibe  Astronomer  Royal,  and  with  tho  es- 
periencie  of  practical  persona  residing  on  tho  spot. 

n. — Review  of  Pbofebsob  Schimpeb'b  FosaiL  MtMOssx.' 

IN  the  prefatory  m«tt«r  to  the  present  paper  I  have  made  no  reference 
to  any  fossil  i-eniaind  of  Mmoteee:  for  at  the  time  of  drawing  it 
up  I  bad  no  ready  means  of  ascertaining  what  evidence  on  the  subject 
had  been  supplied  by  paheontolog^sts,  and  I  had  not  yet  beard  from 
Professor  Scfatmper,  who  had  kindly  promised  to  communicate  with  | 
nie  on  tbe  subject.  Since,  however,  the  early  sheets  of  this  paper 
wero  priiilcd  off.  Ihe  third  volume  of  his  magnificent  work  on  Vege. 
table  Palaeontology  has  reached  us;  and  in  it  I  find  that  a  number  of 
supposed  fossil  ifimoattc  from  the  Central -European  Tertiary  are 
described  and  figured,  and  referred  severally  to  tbe  genera  Protopia, 
Ivga,  Entada,  Jtimota,  and  Acacia.  The  great  majority  of  tlie 
species  so  determined  are  founded  on  impressions  of  leaves  only ; 
and  these  I  pass  entirely  over ;  for  although  without  collateral 
evidence  it  is  impossible  to  deny  that  they  may  belong  to  the  genera 
in  question,  it  is  equally  impossible  to  affirm  that  they  do  so  belong; 
for  none  of  them  show  forms  or  venation  exclusively  characteristic 
of  any  of  these  genera.  I  thus  see  no  reason  to  conclude  on  this 
evidence  that  any  Inga,  Mimosa,  or  Pbyllodiueous  Acacia  was  in 
part  of  the  Tertiary  period  an  inhabitant  of  that  port  of  Europe, 
when  other  evidence  would  tend  to  an  opposita  conclusion.  'With 
regard  to  ProBopit,  the  presumption  that  it  might  have  been  there  is 
to  my  mind  neither  cuniirmed  nor  refuted  by  tbe  fossil  impreBaions 
described  as  Protopit  leaflets.  On  tbe  other  hand,  those  fruits  of 
which  so  many  escellcnt  impreesiona  are  figured  by  Schimper,  point 
to  species  of  Aeacia,  Mntada,  and  perhaps  Albiztia,  very  similar  to 
those  now  found  in  Africa — a  case  analogous  to  that  of  the  Podo- 
gonium,  of  which  specimens  so  very  perfect  have  been  preserved  as 
to  enable  us  satisfactorily  to  identify  it  as  closely  allied  to  some 
African  Ciesalpineous  genera  not  yet  quite  extinct. 

Descending  to  particulars,  the  fruits  figured  by  Schimper,  pi.  cvi- 
I  Eitracled  from  a  reTiaian  of  the  snb-order  Mimoua,  by  Qeorge  fieuthdn,  Esq..  _ 
^r.B.S.,  1876.    JUdo.  Traiu.  vol.  xzi.pt.  3,^.646,647. 
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figs.  4,  5,  6y  7y  12,  and  13,  all  referred  to  Acacia^  are  probably 
correctly  determined,  and  represent  species  of  the  groups  Gummiferm 
and  VrntgareMj  both  of  which  are  at  the  present  day  abundant  in  Africa. 
Fig.  4,  indeed,  if  the  leaves  of  figs.  1  and  2  really  belong  to  it, 
most  be  very  near  to  the  A.  catechu  of  the  present  day.  The  pods 
figs.  20  and  21,  are  determined  as  Ifimosea ;  but  if  I  had  had  such 
pods  shown  to  me  in  a  fresh  state,  I  should  have  referred  them 
without  hesitation  to  Acacia.  Fig.  20  is  exceedingly  like  the  pod  of 
A,  coiutricta  from  the  United  States,  and  very  near  to  that  of  a  few 
very  narrow-fruited  gummiferous  AcacicB  of  Africa,  as  well  as  to 
some  of  the  Australian  FhillodinecB.  Fig.  21  is  ver^^  like  the  pod  of 
several  Acacia  of  the  group  VuIgareSy  which.,  when  ix>tting,  often 
break  up  irregularly,  as  shown  in  the  drawing.  Both  are  very 
unlike  any  Jftfimosa-pods  known  to  mo.  In  this  genus  the  lines 
separating  the  articula  of  the  valve  are  always  quite  straight,  and  at 
right  angles  to  the  margin.  Figs.  8  and  9,  referred  to  Acacia,  are  more 
like  the  pods  of  some  species  of  Cassia.  Figs.  23  and  24  may  repre- 
sent AUnzzia-'poda.  Fig.  22  may  be  an  Entadaf  as  determined,  though 
not  any  recent  species;  but  it  is  also  nearly  as  much  like  some 
OnRom-pod&     Both  these  genera  are  still  represented  in  Africa. 
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I. — Geological  Map  of  London  and  the  Neighbourhood. 

THE  publication  by  the  Geological  Survey  of  a  Map  with  London 
as  a  centre,  will  be  hailed  with  satisfaction  by  those  interested 
in  the  geology  of  the  metropolis,  and  of  the  country  within  easy  dis- 
tance around  it  Formerly  one  had  to  procure  four  distinct  sheets  of 
the  Geological  Survey  Map  of  England,  in  order  to  obtain  the  whole 
of  London  geologically  coloured,  and  then  one  obtained  actually 
more  than  was  necessary  for  the  illustration  of  London  geology  or 
convenient  as  a  diagram  for  the  wall  of  the  library.  The  present 
Map  embraces  an  area  bordered  on  the  North  by  Blackmore,  Ep])ing, 
Waltham  Abbey,  Potter's  Bar,  Watford,  and  Chesliam  Bois ;  and  on 
the  West  by  Amersham,  Windsor,  Clicrtsey,  and  Cobham ;  on  the 
South  by  Epsom,  Croydon,  Farnborough,  and  Sliorehara  ;  and  on 
the  East  by  Gravesend,  Grays  Thurrock,  Brentwood,  and  Frierning. 

The  Map  is  published  both  with  and  without  drifts ;  but  it  need 
hardly  be  said  that  for  most  practical  and  scientific  purposes  the 
map  showing  drifts  is  alone  desirable,  for  no  geological  map  on  a 
scale  of  one-inch  to  a  mile  can  be  considered  complete  if  the  super- 
ficial deposits  be  omitted.  Their  influence  on  the  scenery  of  the 
district  is  trifling,  for  the  main  features  were  sketched  out  before  the 
drift  deposits  were  laid  down  :  they  rest  indifferently  ui>on  the 
Tertiary  sti-ata  and  Chalk,  and  yet  many  of  them,  and  particularly 
the  Glacial  Deposits,  have  suffered  much  denudation. 

The  formations  represented  include  the  Chalk,  Thanet  Beds, 
Woolwich  and  Beading  Beds,  Oldhaven  Beds,  London  Clay,  and 
^agshot  Beds.     The  Drift  deposits,  which  are*  entitled  equally  to 
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rank  as  fcjrmiitionB,  inuluile  the  Glacial  Deposits  of  Bowl iler- clay. 
Siiiid  and  Gruvel ;  the  Brick-earth  anj  Clay-wilh-flinte  on  the  Chalk 
traote ;  and  the  Alluvium,  Brick-earth  aiiU  Gravel  of  the  valley  of 
the  Thaoies  and  its  tributiLries. 

Under  the  term  Pebblo-gravel  are  included  deposits  of  pobhiy 
gravel  whose  age  is  uncertain  ;  many  such  dojwsita  are  undoubtedly 
older  than  the  Boulder- clay,  but  some  of  Ihom  may  possibly  bo 
Post-Glacial. 

The  oounlry  was  geologically  surveyed  by  Messrs.  H.  W.  Bristow, 
W.  Whilaker.  T.  H.  Polwhele,  K.  Tr»nch,  W.  B.  Dawkina,  U.  B. 
Woodward,  F.  J.  Bennett,  W.  A,  E.  Usaher,  J.  H.  Blake,  and  C-  E. 
Hawkins. 


1 


H. — pBor.  0.  C.  Marsh  on  tbh  Ahoikkt  Lake-dasihs   of  tdk 

ROOKT    MOOWTAIH   IUOIO».' 

No  fact  which  has  come  under  our  notice  lionring  upon  the 
antiquity  of  the  great  North  American  Continent  as  an  "  Old 
Land  Area."  has  appeared  to  uh  more  wonderful  than  the  discovery 
in  tlie  Hocky  Mountain  Itegiou  of  undoubted  evidences  of  the  former 
ezifitonce  of  a  sucoesaion  of  vaat  froi>h-water  lakes.  The  depiisita 
with  which  each  is  filled  prove  them  to  have  been  respectively  of 
Eocene,  Miocene,  and  Pliocene  age ;  the  fauna  being  entirely  distinct 
^  is  each  and  also  ^uite  different  from  that  now  existing. 

The  one  first  discoveretl  and  best  known,  called  Green  River  Basin, 
lies  belwoeu  the  lionky  Mountnins  ami  tlie  Wasiitch  range,  in  Use 
depression  now  drained  by  the  Green  Biver.  It  has  the  Uintah 
Mountains  for  its  southern  border,  and  extends  north  as  far  as  the 
Wind  Biver  range.  This  baain  was  visited  by  Professor  Marsh  in 
1668,  but  not  fully  explored  until  1870,  when  be  traced  the  deposiU 
and  determined  ita  Eocene  age.  From  it  he  has  obtained  150  species 
of  extinct  vertebrates,  corresponding  with  those  of  the  Paris  Basin, 
some  even  indicating  a  still  lower  horizon.  These  fresh-water 
deposita  are  of  enormous  thickness,  6000  feet  at  least ;  nearly  or  qtiite 
horizontal,  and  resting  unconformably  on  the  subjacent  Cretaceous 
coal- bearing  rocks. 

A  second  and  larger  lake  existed  in  Eocene  times  south  of  the 
Uintah  Mountains  at  2000  feet  lower  level  than  the  northern  lake, 
and  receiving  part  of  its  waters  from  that  source.  Its  deposits 
were  also  explored  by  Prof.  Marsh  in  1870. 

The  fauna  entombed  in  these  Eocene  lakes  is  essentially  the  same, 
and  indicates  a  tropical  climate.  This  is  especially  seen  iu  the  great 
number  of  the  remains  of  Tapiroid  mammals,  monkeys,  orooodiles, 
lizards,  and  serpents,  discovered  by  Professor  Marsh  in  these  deposits. 

Those  of  the  Dinocerata,  the  largest  of  Eooeue  mammals,  have  only 
been  found  as  yet  in  the  northern  basin. 

The  Miocene  (White  River)  Lake-baain  appears  to  have  extended 
south  from  the  Block  Hills  to  the  Republican  River,  or  from  the  44th 
lo  the  40th  parallel  of  latitude. 

'  See  tbe  American  Journal  of  Science  and  Art,  vol,  iz.  no.  40,  p.  49. 
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Its  western  border  was  the  Bocky  Mountains,  and  its  eastern 
margin  not  far  from  the  99th  meridian.  The  strata  in  this  basin  are 
aD  nearly  horizontal,  and  indicate  deposits  formed  in  quiet  waters, 
lliey  attain  300  feet  in  thickness,  and  rest  unconformably  on  strata 
referred  by  Prof.  Marsh  to  the  Cretaceous*  coal-beariDg  series  of 
the  Rocky  Mountains. 

The  fauna  of  the  White  River  Lake-basin  indicates  a  much  less 
tropical  climate  than  that  of  the  Eocene  lakes.  The  BrontothendcB, 
the  largest  known  Miocene  mammals,  are  peculiar  to  this  deposit 

Another  Miocene  lake  occurs  on  the  Pacific  slope  near  the  centre 
of  the  State  of  Oregon. 

A  far  larger  Pliocene  Lake-basin  was  formed  directly  over  the 
eastern  Miocene  Basin,  but  extending  much  further  east  and  south ; 
oovering  an  area  at  least  five  times  as  great  as  the  older  lake.  The 
Pliocene  deposits,  which  attain  loOO  feet  in  thickness,  and  lie  nearly 
horizontal,  indicate  by  their  fauna  a  warm  temperate  climate.  The 
more  common  mammals  are  the  Mastodon,  Rhinoceroses,  Camels  and 
Horses,  the  latter  were  especially  abundant. 

It  is  earnestly  to  be  hoped  that  the  vast  collections  of  fossil 
remains  secured  with  so  much  labour  by  Prof.  Marsh  from  tliese 
and  the  subjacent  Cretaceous  deposits  may  ere  long  be  published  for 
the  satisfaction  both  of  European  and  American  naturalists. 


Geolooical  Society  op  London. — ^I. — February  24tb,  1875. — John 
Evans,  Esq.,  V.P.R.S.,  President,  in  the  Chair. 

Before  proceeding  to  the  business  of  the  Meeting,  the  President  spoke 
as  follows : — 

I  cannot  proceed  to  the  ordinary  business  of  this  evening  without 
making  some  allusion  to  the  melancholy  event  by  which  so  deep  a 
gloom  has  been  cast  over  all  of  us  since  the  Anniversary  Meeting  on 
Friday  last.  I  little  thought  that  in  speaking  of  the  services  rendered 
to  this  Society  fifty  years  ago  by  Sir  Charles  Lyell,  services  which  in 
various  ways  he  has  ever  since  continued  to  render,  that  we  should  so 
soon  have  to  lament  his  irreparable  loss.  By  every  one  of  us  he  was 
regarded  as  the  leader  of  our  science,  by  most  of  us  as  our  trusted 
master,  and  by  many  of  us  as  our  faithful  friend.  He  has  lived  to  see 
the  truth  of  those  principles  for  which  he  so  long  and  earnestly  con- 
tended accepted  by  nearly  all  whose  opinions  he  valued  ;  and  in  future 
times,  wherever  the  name  of  Lyell  is  known,  it  will  be  as  that  of  the 
greatest,  most  philosophical,  and  most  enlightened  of  British,  if  not 
indeed  of  European  geologists. 

The  following  communications  were  read : — 

1.  "  On  the  Murchisonite  Beds  of  the  Estuary  of  the  Exe,  and  an  at- 
tempt to  classify  the  beds  of  the  Trias  thereby."  By  G.  Wareing 
Ormerod,  Esq.,  M.A.,  F.G.S. 

This  paper  may  be  regarded  as  a  continuation  of  one  read  by  Mr. 
Ormerod  before  this  Society  in  1868.     After  noticing  the  mineralogical 
^haracter  of  the  Murchisonite,  Mr.  Ormerod  described,  first,  the  Bed 
^^ndstone  beds  by  the  sea-shore.     To  the  east  of  ExmoulYi  Vi^  ^qu- 
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sidered  that  they  were  "Ketipor,"  which  extended  inland  to  ft  fanlt 
runniug  to  the  south  of  Lympstcne.  A  conglomerate  rock  at  the 
fieticon  at  Eiimouth  wofi  probably  the  upper  bed  of  the  "  Jiuntcr,''  and 
tliis  the  author  eonsidcred  to  be  the  same  rock  that  occnrreJ  at 
Cockwood  on  the  right  bank  of  the  Ese.  Tbis  overlies  soft  red  rock, 
contaioing  occasianally  fragments  of  various  rocka,  and  in  the  upper 
part  a  alight  trace  of  Murchisooitc.  At  Dawllsh  a  soft  conglomerate 
containing  Murchiaonite  in  great  abundance  ocnuired,  tbia  esteudt^ 
inland  about  two  miles.  On  the  westerly  side  of  Dawlish  conglomerale 
beds  cropped  out,  containiug  fragments  of  granitic  and  porphyritic 
rocks,  quartz,  Lydian-stone ;  and  hero  the  limestone  fragments  con- 
taining animal  remains  first  occnrrcd.  After  passing  the  Psreon-alid- 
(Jlerk  Tannol,  these  conglomerate  beds  ceased  until  reaching  Teign- 
moutb,  and  the  cliffs  consist  of  soft  bods.  At  Teignraontli  the 
conglomerates,  with  liinestoue,  tLgain  commenced,  and  continued  to  near 
St.  Mary's  Chnrch,  in  this  part  alternating  with  soft  sandy  or  clayey 
beds.  To  the  north  of  tho  fault  at  tympstone  the  Keuper  did  not  ap- 
pear by  the  Exe,  and  the  conglomerate  with  limestone  had  not  been 
noticed,  being  possibly  buried  under  the  Grecnsand  of  Haldon.  The 
beds  north  of  this  point  on  both  sides  of  the  Ese  were  the  soft  Red 
Sandstone,  with  a  trace  of  Murchiaonite,  and  tho  underlying  Yurchi- 
Eonite  Conglomerates,  and  near  Haldon  E.aU8e  bods  that  it  was 
considered  were  possibly  thoee  to  the  west  of  Dawlish  ocourred.  These 
beda  were  broken  up  by  various  faults  running  in  both  north  and  south 
and  east  and  west  directionB.  In  the  district  under  consideration  it 
was  shown  that  the  sol't  sandv  bed.s,  with  a  trace  of  Murcbisonite,  and 
the  underlying  bed  of  Murchisonite  Conglomerate  occurred  in  various 
places,  and  in  such  a  manner  that  there  could  not  he  any  doubt  of  their 
identity ;  these  the  author  considered  as  marking  a  clear  division  in  the 
Bed  Sandstone. 

2.  "  On  some  newly  eiposed  sections  of  the  '  Woolwich  and  Bending 
beds'  near  Beading,  Berks."  By  Prof.  T.  Bupert  Jones,  F.R.B.,  F.G.S., 
and  C.  Cooper  King,  Esq.,  R.M.  Art.,  F.G.8. 

The  authors  described  the  section  of  the  Lowest  Tertiary  Beds  hitely 
exposed  at  Coley  Hill,  Beading,  Berks,  comparing  it  with  other  sections 
in  the  neighbourhood  deseribed  by  Buckland,  Bofe,  Prestwich,  and 
"Whitaker.  At  one  point  in  the  section  oyster-shells  ore  wanting  in 
the  Bottom  Bed,  as  observed  olso  by  Whitaker  at  Castle  Kiln.  At  the 
same  part  of  the  section  the  leaf-bearing  blue  clays  are  also  absent,  but 
are  continued  by  irregular  thin  seams  of  derived  clay  and  clay-galla, 
with  broken  lignite,  occasional  grey  flints,  and  by  at  least  one  green- 
coated  flint  and  pebble  of  lydianite.  At  another  point,  where  the  blue 
clay  still  exists,  very  nnmerous  and  large  lumps  of  clay,  rolled  and 
often  inclosing  subangulor  flints,  lie  in  the  sand  over  the  leaf-hed. 
Some  of  these  clay-galls  have  peissed  into  concentric  nodules  of  ochre 
and  limonite.  The  probable  derivation  of  the  two  seta  of  olay-gaUs  is 
from  pre-existing  clay-beds — probably  the  blue  shale,  one  from  its 
worn  end  and  the  other  (upper  one)  from  aterraceor  ledge  in  its  thick- 
ness— by  the  action  of  varying  currents  in  an  estuary  at  di^rent  levels. 
The  clay-galls  of  the  upper  series  vary  much  in  character;  some  are  of 
dense  dark  brown  and  tight  coloured  clays,  others  of  Bandv  blue  and 
h  gzvx  clays,  many  have  involved  e&nd  and  flints  from,  an  old  ghoal  of 
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beacb.  A  probably  analogous  band  of  flints  bas  been  noticed  at  Bed 
Hill,  Berks,  by  Prestwich.  The  direction  of  tbe  currents  wearing 
away  tbe  clay  bands  and  depositing  tbe  galls  and  sands  was  suggested ; 
and  tbese  observations  were  offered  as  further  materials  in  working  out 
the  bydrograpby  and  history  of  the  Lower  Tertiaries. 

3.  ''On  tbe  Origin  of  Slickensides,  with  remarks  on  specimens  ^m 
the  Cambrian,  Silurian,  Carboniferous,  and  Triassic  formations."  By 
D.  Mackintosh,  Esq.,  F.G.S. 

This  paper  was  founded  on  specimens,  a  selection  of  whicb  was 
exhibited.  Tbe  author  stated  that  his  observations  led  him  to  believe 
that  true  slickensides  are  produced  by  tbe  movement  of  one  face  of  rock 
against  another,  accompanied  hy  partial  fusion.  He  indicated  that  in 
many  cases  the  slickensided  surfaces  are  not  only  polished  and  striated, 
but  also  hardened,  and  that  there  is  an  imperceptible  gradation  £rom 
this  hardened  film  to  the  ordinary  structure  of  the  rock. 

II. — ^March  10,  1875. — John  Evans,  Esq.,  V.P.R.8.,  President,  in 
the  Chair. — The  following  communication  was  read  : — 

"  The  Bocks  of  the  Mining  Districts  of  Cornwall,  and  their  relation 
to  Metalliferous  Deposits.**  By  John  Arthur  Phillips,  Esq.,  M.I.C.E., 
F.G.S. 

In  this  paper  the  author  adduced  numerous  facts  observed  by  him  in 
the  examination  of  the  rocks  of  the  mining  districts  of  Cornwall,  which 
led  him  to  the  following  conclusions: — The  clay-slates  of  Cornwall 
differ  materially  in  composition,  but  no  re-arrangcmcnt  of  their  consti- 
tuents could  result  in  the  production  of  granite.  Some  of  the  "  green- 
stones *'  of  the  Geological  Survey  Map  arc  volcanic  rocks  contempo- 
raneous with  the  slates  among  which  they  are  found,  whilst  others  are 
homblendic  slates,  diorites,  etc.  Granites  and  elvans  having  a  similar 
chemical  and  mineralogical  composition,  were  probably  derived  from 
the  same  source ;  but  the  volume  of  the  bubbles  in  the  fluid-cavities  of 
both  having  no  constant  relation  to  the  amount  of  liquid  present,  do 
not  afford  any  reliable  data  from  which  to  calculate  the  temperatures 
at  whicb  these  rocks  were  respectively  formed.  The  stone-cavities  of 
elvans,  and  probably  of  some  other  rocks,  arc  often  the  results  of  the 
irregular  contraction,  before  the  solidification  of  the  base,  of  imbedded 
crystals  of  quartz.  In  rocks  having  a  glassy  base,  glass-cavities  will 
be  produced.  The  vein-fissures  of  the  tin-  and  copper-bearing  lodes  of 
Cornwall  were  produced  by  forces  acting  after  the  solidification  of  the 
elvans,  but  in  the  same  general  direction  as  those  which  caused  the 
eruption  of  the  latter ;  and  these  fissures  were  afterwards  filled  with 
minerals  deposited  by  chemical  action  from  water  and  aqueous  vapours 
circulating  through  them,  but  not  necessarily  at  a  high  temperature. 
How  far  these  deposits  were  produced  by  water  rising  from  below  or 
influenced  by  lateral  percolation  cannot  be  determined ;  but  the  effects 
produced  on  the  contents  of  veins  by  the  nature  of  the  inclosing  rock, 
and  the  occurrence  of  deposits  of  ore  parallel  with  the  line  of  dip  of  the 
adjoining  country,  lead  to  the  conclusion  that  lateral  infiltrations  must 
have  materially  influenced  the  results.  Contact-deposits  and  **stock- 
werks"  have  been  formed  by  analogous  chemical  action,  set  up  in 
fissures  resulting  from  the  junction  of  dissimilar  rocks,  or  in  fractures 
produced  during  the  upheaval  of  partially  consolidated  eTU^t.W^ 
The  alteration  produced  in  stratified  deposits  in.  the  viciniVj  ^^  ^ 
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rocks  is  probably  often  due  to  similar  p«rco!oUona.  It  is  not  impro- 
bable that  qunrta  may  sometimes  retain  a  certain  amount  of  plasticity 
after  it  has  assumed  a  cry»lallino  form. 

III.— Marob  24,  1875.— Jobii  Evans,  Eaq.,  T.P.R.S.,  President,  in 
the  Chair. 

The  President  announced  that  the  late  Sir  Charles  Lydl  tod 
bequeathed  to  the  Society  the  mim  of  £2000  for  the  purpoees  etated 
in  the  following  extract  from  his  Will : — 

"  I  give  to  the  Geological  Society  of  London  the  Die  executed  by 
Mr.  Leonard  Wyon  of  a  Mednl  to  be  cast  in  Bronze  and  to  be  giTen 
annually  and  eollcd  the  Lyell  Uedul,  and  to  he  regarded  as  a  mark  of 
hoDfffary  distinction  and  aa  an  eipression  on  the  part  of  the  GoTeming 
Body  of  the  Society  that  the  Medallist  (who  may  be  of  any  Country 
or  either  sex)  has  deserved  well  of  the  Science.  I  further  give  to  the 
aaid  Society  the  sum  of  Two  thousand  pounds  (free  of  legacy  duty)  to 
be  paid  to  the  President  and  Treasurer  for  the  time  being,  whose 
receipt  shall  be  a  good  discharge  to  my  Bxocutora;  and  I  direct  the 
said  sura  to  bo  inverted  in  the  name  of  the  said  Society,  or  of  the 
Trustees  thereof,  in  such  securitioB  as  the  Council  shall  from  time  to 
time  think  proper,  and  that  the  annual  interest  arising  thertjth)m  shall 
be  appropriated  and  applied  in  the  following  manner :  not  less  than 
one-third  of  the  annnal  interest  to  accompany  the  Medal,  the  remain- 
ing interest  to  bo  given  in  one  or  more  portions  at  the  discretion  of  the 
Council,  for  the  encouragement  of  Geology  orof  any  of  the  allied  Scieseet 
by  which  they  shall  consider  Geology  to  have  been  most  materially 
advanced,  eilhor  for  travolHoK  expcnai's  or  for  a  mi'mnir  or  paper 
published  or  in  proRrcs=,  ntid  withmit  rc^ffivnfc  to  t\v  pi'X  or  iintionulity 
of  the  author  or  the  language  in  which  any  such  memoir  or  paper  may 
be  written.  And  I  declare  that  the  Council  of  the  said  Society  shall 
be  the  sole  judges  of  the  merits  of  the  memoirs  or  papers  for  which 
they  may  vote  the  Medal  and  Fund  from  time  to  time.  And  I  direct 
that  the  legacy  hereinbefore  given  to  the  said  Society  shall  be  paid  out 
of  such  part  of  my  personal  estate  aa  may  be  legally  applicable  to  the 
payment  of  such  bequests." 

Prof.  Prestwich  said  that  when  he  first  joined  the  Geolo^cal  Society, 
Sir  Charles  Lyell,  or  Mr.  Lyell,  aa  he  was  then,  was  one  of  its  junior 
leaders.  When  his  first  book  appeared,  the  views  advocated  in  it  were 
regarded  with  conaiderable  disfavour;  but  he  supported  them  by  other 
writings  subsequently  pnblished,  and  lived  to  see  them  generally 
received.  His  words  justly  carried  weight  over  the  whole  scientific 
world,  and  had  greatly  increased  the  number  of  students  of  geology, 
and  consequently  of  Fellows  of  the  Geological  Society.  For  bis  own 
part  Prof.  Prestwich  added  that,  although  he  might  differ  from  Sir 
Charles  Lyell  in  some  of  the  conclusions  at  which  he  had  arrived,  all 
must  agree  that  the  manner  of  proceeding  from  the  known  to  the 
unknown  adopted  by  him  was  the  only  true  method.  In  conclusion 
Prof.  Prestwich  proposed  the  following  resolution : — "  That  this 
Meeting,  having  heard  the  announcement  of  the  bequest  made  to  the 
Geological  Society  by  the  late  Sir  Charles  Lyell,  desire  to  record  their 
deep  sense  of  the  loss  the  Society  has  sustained  by  his  death,  and  their 
grateful  appreciation  of  the  liberal  bequest  for  the  advancement  of 
theological  ^owledgo  placed  at  their  ^^ oesL  \s%  itieii  Ute  diatittguisbed 
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Mr.  Warington  W.  Smyth  expressed  the  pleasure  he  felt  in  second- 
ing the  motion  made  hj  Prof.  Prestwieh,  and  said  that  it  was  with  a 
mingled  feeling  of  sadness  and  satisfaction  that  he  had  heard  the 
announcement  just  made  from  the  Chair.  As  a  hoy  he  had  heard  a 
lecture  on  geology  given  hy  Sir  Charles  in  a  room  in  Hart  Street, 
Bloomshury,  and  it  was  pleasant  to  recollect  how  interesting  he  made  the 
subject.  His  audience  might  have  consisted  of  twenty  persons.  Mr. 
Smyth  well  remembered  •*  young  Lyell,"  as  he  used  to  be  called  by 
Admiral  Smyth,  coming  to  visit  him  at  his  school  at  Bedford,  and 
challenging  the  boys  to  play  at  football,  when  he  proved  himself  to  be  one 
of  the  most  active  among  them.  He  had  a  vivid  recollection  of  a  holiday 
passed  in  boating  on  the  Ouse,  when  Sir  Charles  Lyell  had  provided 
himself  with  a  plummet  and  string,  and  set  himself  to  measure  the 
liver.  He  tested  its  depth,  velocity,  sediments,  etc.,  and  showed  the 
party  how,  from  such  data,  the  volume  of  water  that  flowed  down  the 
river,  and  the  quantity  of  sediment  that  it  carried  to  the  sea,  might  be 
calculated.  Sir  Charles  was  a  great  collector  of  facts  with  a  purpose 
in  view.  Mr.  Smyth  concluded  by  expressing  his  satisfaction  at 
finding  that  this  Society  was  uppermost  in  the  mind  of  his  old  friend 
at  the  close  as  during  the  whole  course  of  his  well-spent  life. 

The  following  communications  were  read : — 

1.  "On  the  Occurrence  of  Phosphates  in  the  Cambrian  Rocks."  By 
Henry  Hicks,  Esq.,  F.G.S. 

In  thb  paper  the  author  showed  from  experiments  that  the  Cambrian 
strata  in  Wales  contain  a  far  greater  amount  of  phosphate  and  carbonate 
of  lime  than  had  hitherto  been  supposed.  Tho  results  published  by 
Dr.  Daubeny  some  years  ago,  and  which  have  since  received  the  sup- 
port of  some  eminent  geologists,  were  proved  therefore  to  be  entirely 
fallacious  when  taken  to  represent  the  whole  Cambrian  series ;  for 
though  some  portions  show  only  a  trace  of  these  ingredients,  there  are 
other  beds  both  interstratified  with  and  underlying  these  series,  which 
contain  them  in  unusually  large  proportions.  The  author,  therefore, 
objects  to  look  upon  Dr.  Daubeny's  experiments  as  tending  in  any  way 
to  prove  that  the  seas  in  which  these  deposits  had  accumulated  con- 
tained but  little  animal  life,  and  that  we  had  here  approached  the 
borders  of  the  lower  limit  of  organic  existence.  He  contended  that 
the  presence  of  so  much  phosphate  of  lime,  and  also  of  carbonate  of 
lime,  as  was  now  proved  by  analyses  made  by  Mr.  Hudleston,  F.C.S., 
Mr.  Hughes,  F.C.S.,  and  himself,  to  be  present  in  series  of  consider- 
able thickness  in  the  Longqjynd  group,  Menevian  group,  and  Tremadoc 
group,  proved  that  animal  lil'o  did  exist  in  abundance  in  these  early 
seas,  and  that  even  here  it  must  be  considered  that  we  were  far  from 
the  beginning  of  organic  existence.  The  amount  of  phosphate  of  lime 
in  some  of  the  beds  was  in  the  proportion  of  nearly  10  per  cent.,  and 
of  carbonate  of  lime  over  40  per  cent.  The  proportion  of  phosphate 
of  lime,  therefore,  is  greater  than  is  found  in  most  of  what  have  been 
considered  the  richest  of  recent  formations.  The  amount  of  IV  ^5  was 
also  found  to  increase  in  proportion  to  the  richness  of  the  deposit  in 
organic  remains.  It  was  found  that  all  animal  and  vegetable  life  had 
contained  it  from  the  very  earliest  time ;  but  it  was  apparent  that 
the  Crustacea  were  the  chief  producers  of  it  in  the  early  seas;  and  of 
tho  Crustacea,  the  Trilobitca  more  particularly.     It  was  aVwa^'^  \Qvi\i\ 
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vfaeie  they  were  present,  nnd  the  shell  of  some  of  the  larger  hilobites, 
as  now  preserved,  contaioed  as  much  as  from  40  to  50  per  cent,  of 
phoaphate  of  lime.  The  analyses  made  by  Mr.  Hudlcston  and  the 
author  of  recent  Crustacea  proved  that  they  also  contaia  PtO,  in  rory 
conaiderable  proportions. 

In  the  second  purt  of  the  paper  the  author  ehowed  that  where  in- 
trasive  dykes  had  passed  through  or  between  the  beds  containing  the 
phosphate  of  lime,  the  beds  for  some  distance  on  each  aula  of  the  dykes 
hud  undergone  a  considerable  change.  Scarcely  a  trace  of  the  P,Os  or 
of  the  lime  was  now  to  be  found  in  them,  though  it  waa  evident  that 
before  the  intruaions  into  them  had  taken  place,  they,  like  the  other 
portions  of  the  beds,  had  evidently  contained  both  ingredients  in  con- 
siderable proportioaa.  It  was  well  known  that  heat  alone  could  not 
separate  F,0,  from  lime ;  therefore  he  found  it  difficult  to  account  for 
thie  change  ia  the  character  of  the  beds,  unless  it  could  bo  produced  by 
gases  or  watery  vapour  passing  into  them  at  the  time  the  intrasiocB 
took  place.  He  thought  it  oven  probable  that  the  dykes,  which  in 
some  parts  ore  found  to  contain  a  considerable  amount  of  lime  and  also  . 
of  P.Oj,  might  have  derived  these,  or  at  least  some  portions  of  these, 
from  the  beds  through  which  they  had  been  forced,  and  which  must 
have  been  broken  up  and  melted  as  they  passed  through  thera.  There 
are  no  contemporaneous  tuffs  known  in  Wales  of  earlier  date  than  the 
Llandeilo  beds ;  and  he  thought  these  dykes  belonged  to  that  period, 
and  that  they  were  injected  into  the  Lower  Cambrian  beds  after  from 
8,000  to  10,000  feet  of  deposit  had  been  superimposed.  In  an  agri- 
cultunil  point  of  viow  the  author  considered  that  thi.'  pre^yuce  of  so 
mucli  phosphate  of  lime  in  some  of  the  scries  of  t>cds  must  bo  a  matter 
of  great  importance  ;  and  on  examining  the  districts  where  these  aeries 
occurred,  he  invariably  found  the  land  exceedingly  rich. 

Ur.  HudlestoD  gave  the  results  of  the  analyses  made  by  him  at  the 
request  of  lUr.  Hicks.  He  found  in  a  portion  of  dark  grey  flaggy  rock 
taken  from  close  to  a  fossil  I  'G2,  in  a  portion  of  black  slaty  rock  coDtaia- 
ing  trilobites,  but  in  contact  with  trap.  Oil,  in  a  portion  of  the  shell 
of  a  trilobit«  17'05,  and  in  the  trap  above  mentioned  0'323  per  cent. 
of  phosphoric  anhydride.  A  lobster-shell  dried  at  100°  C.  gave  3*26, 
an  entire  boiled  lobster  (undried)  076,  and  a  boiled  lobster  without 
shell  0332  per  cent,  of  Vfi^.  If  the  analysis  of  an  entire  lobster  be 
correct,  bo  estimated  that  a  ton  of  boiled  lobsters  would  contain  about 
1?  lbs.  of  phosphoric  anhydride.  In  the  analysis  of  the  shell  of  a 
trilohitc  there  appears  to  be  a  great  excess  of  phosphoric  acid,  which 
Mr.  Hudleston  thought  must  he  due  to  substitution. 

2.  "  Note  on  the  Structure  of  the  Phosphatie  Nodules  from  the  top 
of  the  Bala  Limestone  in  North  Wales."  By  M.  Hawkins  Johnson, 
Esq.,  F.G.S. 

In  this  paper  the  author  described  the  appearances  presented  by 
thin  sections  made  from  some  of  the  phosphatic  nodules  and  shales 
described  by  Mr.  D.  C.  Davies,  F.Q.S.,  in  his  recent  paper.  In  both 
nodule  and  shale  he  finds  structure  which  he  is  inclined  to  identify 
with  sponge- structure  ;  but  the  mass  also  contains  innumerable  foreign 
bodies,  chiefly  fragments  of  the  shells  of  UoUusca  and  Crustacea,  with 
many  irregularly  ovate  bodies  that  remind  him  of  Coaeinopora,  and  some 
that  may  be  sponge^picules.    The  anthor  enumerated  fourteen  nodular 
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formations  firom  Yarioiis  localitiee  and  of  yarions  composition,  in  which 
he  has  detected  organic  structare,  and  to  which  he  therefore  assigns  an 
oi^anic  origin ;  and  he  protested  against  the  application  of  the  term 
"  concretionary  "  to  sach  bodies. 

3.  ^^On  the  Maxillary  Bone  of  a  new  Dinosaur  Priodontognathui 
PkilUp9%iy  contained  in  the  Woodwardian  Museum  of  the  University 
of  Cambridge."  By  Harry  Govier  Seeley,  Esq.,  F.L.S.,  F.G.S., 
Frofeesor  of  Physicid  Geography  in  Bedford  College,  London. 

The  bone  described  in  this  paper  was  indicated  by  the  author  in  his 
'^  Index  to  the  Aves,  Omithosauria,  and  Ecptilia  in  the  Woodwardian 
Museum,"  under  the  name  of  Igttanodon  PhilUpsii,  Further  examin- 
ation and  the  detection  of  successional  teeth  resembling  those  of 
SeehdoMurtu,  and  those  referred  by  Prof.  Huxley  to  AcoHthopholis, 
induced  him  to  regard  the  species  as  representing  a  new  genus,  most 
nearly  related  to  JHylaosaurus.  The  specimen  consists  principally  of 
the  external  and  alveolar  portion  of  the  loft  maxillary  bone,  which  is 
4{  inches  long,  the  alveolar  part  being  4^-  inches,  and  the  remainder 
made  up  by  a  posterior  spur  for  connexion  with  the  malar.  From  the 
middle  of  ike  upper  margin  springs  an  ascending  nasal  process  separat- 
ing the  orbit  from  the  nasal  aperture.  The  presence  of  the  posterior 
spur,  or  jugal  process,  seems  to  indicate  an  affinity  to  the  Iguanodontidse, 
notwithstanding  the  resemblance  of  the  teeth  to  those  of  Scelidosaurm* 
The  teeth,  which  are  seen  in  their  sockets,  have  their  crowns  re- 
sembling ^ose  referred  to  Echinodonj  Scelidosaurus,  and  Acanthopholis, 
especially  the  last,  differing  chiefly  by  being  relatively  narrower,  by 
having  only  5-7  denticles  on  each  side,  by  wanting  the  thickening  at 
the  base,  and  by  terminating  in  a  sharp  point.  The  author  described 
in  detail  the  characters  presented  by  the  fossil,  and  indicated  their 
bearing  upon  its  systematic  position.  It  was  imbedded  in  a  small  slab 
of  yellow  sandstone,  which  also  contained  a  specimen  of  Pecten  varans, 
and  is  probably  of  Great  Oolite  age. 

4.  **  Description  of  a  new  species  of  the  genus  HemipataguSy  Desor, 
firom  the  Tertiary  Rocks  of  Victoria,  Australia ;  with  notes  on  some 
previously  described  species  from  South  Australia."  By  R.  Etheridge, 
jun.,  Esq.,  F.G.S. 

In  this  paper  the  author  described  a  new  species  of  the  genus  Semi' 
pataguSf  under  the  name  of  H.  Woodsii,  and  appended  to  this  descrip- 
tion some  remarks  on  the  characters  of  Psammechinus  Woodsii,  Laube, 
and  Micraster  hrevtsteUay  Laube,  and  Mbnostgchia  australisy  Laube ;  and 
also  a  Synoptical  List  of  the  Australian  Tertiary  Echinodcrmata 
hitherto  described. 
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SUBMERGED  FORESTS. 

Sib,— In  your  Number  for  May,  1868,  Vol.  V.  p.  244,  I  had 
the  honour  to  state  tliat  what  are  called  **  submerged  forests  " 
occur  without  any  sinking  of  the  land  or  lising  of  the  sea,  and 
that  "  they  are  all  choked-up  estuaries^  More  at  large,  this  was 
first  argued  in  the  chapter  on  the  "  Travelling  of  Sea-beach  "  in  "Rain 
and  Rivers."     I  endeavoured  to  show  that,  before  th©  ^n^\ixft«t  W'^ 
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hiB  iron  pipes  and  Blaioea  lei  the  atreama  out  at  low-water,  and  ^1 
the  soa  out  at  higli-water.  Nature,  in  millions  of  oases,  had  partially 
done  the  same  by  running  pebble  banks  across  the  mouths  of  small 
eHtuaries ;  tliat  ehe  had  thus  drained  land  below  high-water  mark,  and 
had  grown  trees  thereon.  Mr,  Kinahan  (Valleys,  and  their  Kela- 
tion  to  Fissures,  Fiucturea,  and  Faults,  p.  208)  replies  that  oak  and 
most  other  trees  caonot  be  grown  except  on  drained  land,  which  could 
never  exist  naturally  below  high-water  mark."  Lest  people  should 
take  this  unsupported  ipai  dixit  negative  for  granted,  may  I  state  an 
imaginary  case  in  eieraplification  of  my  theory  ?  We  all  see  the 
volume  of  water  which  passes  imdor  our  bridges  in  London  during 
the  flood-tide,  and  most  of  us  would  at  once  allow  that,  direutly  as 
thin  flow  was  checked,  the  volume  of  water  and  the  height  of  high- 
water  would  decrease.  Suppose  that  at  low-water  Pnok  were  to  re- 
place London-bridge  with  a  bank  of  pebbles  higher  than  high-water, 
Theflood-tido,  instead  of  flowing,  wouldfiltor  through  the  pebble-bank. 
Suppose  this  filtration  and  the  river  water  to  rise  only  to  half- tide  mark, 
and  that  the  water  then  filters  out  with  the  receding  tide.  The  slopes 
between  the  former  half-tide  and  high-water  mark  would  become 
"  drained  land,"  and  would  grow  any  trees  to  any  size.  Now  sup- 
pose  Puck  to  shift  his  pebble-bank  to  the  sit©  of  Sou thwark- bridge. 
The  trees  between  that  and  London -bridge  would  die  from  being 
flooded  every  twelve  honre,  and  their  roots  would  be  seen  below  high- 
water  mark.  In  nature  this  results  from  the  sea  eroding  the  line  of 
coast,  driving  the  pebble -bimk  landward,  and  exposing  the  roots 
which  it  hiid  covered. 

So-called  submerged  forests  may  be  seen  on  the  south  coast  op- 
posite the  middle  of  Hastings ;  at  the  mouth  of  Mantell's  "  Diluvial 
valley"  at  Febblesbam ;  at  the  west  end  of  St.  Leonard's;  at  Pevensey 
Level,  near  Eastbourne ;  and  at  Torre  Abbey,  near  Torquay.  Roman 
remains  on  Dover  beach  prove  no  submergence  for  nearly  2,000 
years,  while  raised  beaches  prove  ancient  upheaval. 

Bbookwood  Pab.,  ALa«.FOBD.  0^"°'=  GttBicNWOOD,  Colonel 


ON  A  NEW  LAND-SHELL  FROM  THE  GAULT  OP  FOLKESTONE. 

Sib, — I  have  the  pleasure  to  announce  the  discovery  of  (if  I  am 
not  in  error)  the  first  land-shell  of  the  Upper  English  Secondary 
Deposits.  The  specimen  in  question  is  a  Helix,  closely  resembling  . 
the  common  garden  snail,  II.  nemoralia.  It  is  somewhat  depressed 
without  being  flat,  and  is  not  quite  symmetrical  in  outline,  as  it  is 
longer  one  way  than  the  other.  Test  thin,  nearly  smooth ;  sutures 
well  defined,  giving  the  whorls  a  flat  concave  appearance;  lip, 
slightly  reflected.  As  the  upper  portion  of  the  specimen  only  is 
exposed,  I  am  unable  to  say  if  the  shell  is  umbilicated  or  not. 
Formation,  Gault ;  locality,  Folkestone. 

Should  it  prove  a  new  species,  as  I  believe  it  to  be,  I  propose 
naming  it  JiAix  Woodward!. 

Alfbed  Bell. 
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I. — On   flOMX  IJinXSOBIBED   CaRBOFIYSROUS   FOB8IL8. 

B7  R.  Ethuubob,  Jim.,  F.G.S. ; 
Of  the  Geological  Surrey  of  ScotiancL 

(PLATE  VIII.) 

rE  following  species  of  Modiola  is  common  to  the  Oarboniferous 
Limestone  series  of  England  and  Scotland,  and  appears  to  have 
been  hitherto  nndescribed  from  them,  although  it  may,  perhaps,  be 
identical  with  an  American  Sub-carboniferous  species. 

G^nus  Modiola. 
Modiola  liihodomoides,^  sp.  nov.     PI.  YIIL  Figs.  1  and  2. 

lithodomut  da€tf/loidetf  Huxley  and  Etheridge's  Gat.  Fobs.  Mob.  Pract.  Geol. 
1865,  p.  110  (nonM^Coy)- 

liihodomut  dactf/loides,  B.  Etheridge,  Jan.,  Mem.  Geol.  Sorvey,  Ezpl.  22,  Scot- 
land, 1872,  p.  43  (non  M*Coy). 

[Compare, — Lithophaga  lingualit.  Meek  and  Worthen,  Geol.  Bep.  Illinoia,  1868, 
ToL  ilL  p.  636,  t.  19,  f.  1  (and  f.  2?),  (non  PhilUps).] 

Spedfic  characters. — Shell  much  elongated,  and  convex  ante- 
riorlj,  compressed  posteriorly ;  beaks  quite  anterior,  and  terminal, 
bluntly  pointed ;,  anterior  end  somewhat  narrowed,  convex  in  the 
umbonal  region, and  compressed  towards  the  ventral  margin;  posterior 
end  expanded  and  wider  than  the  anterior,  much  compressed  laterally ; 
dorsal  margin  straight ;  ventral  margin  curved,  at  the  anterior  end 
convex,  gentlv  and  slightly  concave  in  the  middle,  and  convex  at  the 
posterior  end ;  the  valves  are  gibbous  along  a  line  nearest  to  the 
dorsal  margin,  backwards  to  the  posterior  end,  but  which  gradually 
descends  until  it  becomes  lost  in  the  expanded  portion  of  the  latter  ; 
the  greatest  convexity  is  about  the  middle  of  the  shell,  but  if  any- 
thing a  little  anterior ;  the  shell  is  thin,  and  has  a  surface  ornamen- 
tation consisting  of  exceedingly  fine,  closely  set,  and  regular  lines, 
with,  here  and  there,  an  occasional  wrinkle,  especially  towards  the 
ventral  margin. 

Ob$ervation8. — ^This  is  an  exceedingly  graceful  and  well-marked 
shelL  The  specimens  which  have  come  under  my  notice  vary  a  little 
amongst  themselves ;  thus,  in  the  majority  the  dorsal  margin  is 
straight,  but  in  one  specimen  there  is  a  tendency  to  become  a  little 
arched.  The  amount  of  the  concavity  in  the  central  part  of  the  ventral 
Qiargin  and  the  expansion  of  the  posterior  end  are  also  variable.   From 

^  From  its  general  resemblance  to  the  genus  Lithodomut. 
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Modiola  ItHgualit,  Phil.,'  which  it  veiy  much  resemblee,  M-  litkoio- 
moides  may  bo  distinguiahed  by  the  difTereDce  in  size,  by  the  COOvn 
Teu  trill  margio  of  the  formCT,  by  the  much  more  bluntly  rounded  fon) 
of  the  beaks  in  the  present  speoiee,  and  probably  finer,  closer,  andmon 
regular  surface  oroamantation.  M.  lifhodomoidei  resembles  M.  elM- 
gata,  Phil.,'  but  is  not  carJnate,  and  the  dorsal  mar^n  ia  not  carrel 
Under  the  provisional  name  of  Lilhophaga  lingvaUi  (PUiUips)  Kean. 
Meek  and  Worthen  have  desoribed '  and  given  two  figures  of  a  dell 
from  the  Keokuk  group  of  the  Illinois  and  Indiana  8ub-carbonifeiwu 
series,  one  of  which  (pL  19,  fig.  1)  appears  to  be  very  near  our  dell, 
if  not  identical  wilh  it,  and  cert«inly  distinct  from  Pbillips'  JIf.  )«- 
gualia,  from  whieb  it  differs  by  its  more  obtuse  umtioiiet  wd 
straigbter  doreal  margin,  and,  as  indicated  by  its  describes,  bj  i<« 
much  greater  size.  I  ara  supported  in  this  view  by  the  vjlned 
opinion  of  ray  friend  Mr.  G.  Sbarman.  JH.  lilhodomoidet  shows  no 
trace  of  the  radiating  lines  of  LilkodomuB  daelyloidei,  McCoy. 

The  following  are  the  approximate  measurements  of  the  aefCQ 
speciraona  before  me  ; — 
I.  Length  1  inch  1}  linea,  widUi  S\  incliM  LaB| 


7.        ,,  11       „         „      3       „      3*  „  Builli,  AjTshire.  | 

Loealilics.' — Longnor,  Derbyshire,  in  Carbonifertius  Limestone  {■•  i 
specimens,  Coll- Mus.  Pract.  Geol.) ;  Beith,  AyfMhire,  in  CarboiiiferonB 
Shale  (1  specimen,'  Coll.  Edin.  Geol.  Soc. ;  I  am  much  indebted  fc 
the  loan  of  tJiJs  apeciinen  to  the  kindness  of  the  Society's  Curator, 
Mr.  J,  Henderson) ;  Lora  bum,  Glenlorn,  and  Lochwinnoch,  Ben- 
frewshire,  from  Sbale  resting  on  the  lowest  of  six  Limestones  (I 
am  informed  by  my  colleague,  Mr.  R.  L.  Jack,  F.G.S.,  thnt  these 
occupy  the  position  of  the  lowest  or  Howrat  Limestone,  L.  C.irbon- 
iferouH  Limestone  group) ;  and  Qiiarry,  a  little  north  of  Trearne 
House,  Gateside,  Beith,  Ayrsbire,  from  Shale  in  connexion  with  the 
Lower  LiineKtone  (Main),  L.  Carb.  Limestone  group  (2  specimens, 
Coll.  Geol.  Stirv.  Scotland,  collected  by  Mr.  A.  Macconochie), 

Pisces. 
Genus  pETiLORHYNCHre,  Agassiz. 
TJie  peculiar  [wilatal  tootli  represented  by  PI.  VIII.  Figs.  3  and  4,  was 
obtained,  with  another  specimen,  by  Mr.  James  Bennie  (after  whom 
I  beg  to  name  the  species)  at  Shiells  Quarry,  near  E.  Kilbride.  I  was 
for  some  time  in  doubt  as  to  the  proper  genus  to  which  the  two 
spccinu-iis  ill  Mr.  Bennie's  collection  slioul.l  be  referred,  and  was  in- 
clined 1o  rc^urd  t!iem  as  perhaps  typical  of  a  new  genus,  for  which 

'  (;™l.  Yrirli,  1SS6,  lol.  ii,  p.  200,  t.  5,  £.  21. 

'  Seeji.  :ilo,  t.  a,  f,  2+. 

3  'icil.  Htp.,  Illinois,  vol.  iii,  p.  fiSfi.  I,  ly,  f.  1  and  2. 

'  I'tcseutwl  tu  tlic  Societj-  by  .Mr.  Armstrong. 
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I  had  in  MS.  adopted  the  name  Soplodus;^  but  at  the  suggestion  of 
Mr.  W.  Davies,  of  the  British  Museum,  who  was  kind  enough  to 
assist  me  in  their  comparison  with  specimens  of  different  species  of 
Fetalarhynehus  in  the  Museum  collection,  I  have  referred  them  to  the 
latter  genus.  Independently  of  the  peculiar  form  and  relatively 
greater  development  of  the  posterior  face  as  compared  with  the 
anterior,  the  teeth  resemble  the  genus  Fetalodus,  as  well  as  that 
to  which  they  are  referred,  in  the  cutting  edge  of  the  crown, 
smooth  polished  surface,  and  entire  and  undivided  root;  but  at  the 
same  time  one  of  the  peculiarly  distinctive  characters  of  Petalorhynchus 
is  not  visible — the  non-extension  of  the  transverse  imbricating  folds 
to  the  lateral  angles  of  the  crown. 

PeUUorhynehus  ?  Benniei,  sp,  nov.     PL  VIII.  Figs.  3  and  4. 

Sp,  chars,— The  general  outline  is  somewhat  hoof-shaped,  with  the 
exposed  portion  of  the  tooth  consisting  of  two  parts,  one,  a  vertical 
portion  forming  the  cutting  edge  of  the  tooth,  the  other  part,  nearly 
at  right  angles  to  this,  and  from  the  under  surface  of  which  proceeds 
the  undivided  root  (Fig.  8,  r).  The  superior  margin  or  cutting  edge 
(Fig.  4,  c,  e)  is  convex  in  outline,  minutely  crenulate-striate,  and  with 
a  single,  sharp,  and  central  denticle ;  the  surface  of  both  portions  of 
the  tooth  is  smooth  and  polished.  The  anterior  face  of  the  vertical 
portion  of  the  crown  is  slightly  convex,  the  posterior  face  concave, 
and  descends  lower  than  the  former,  to  its  union  with  the  horizontal 
portion.  The  inferior  margin  of  the  anterior  face  of  the  crown  is 
formed  by  a  ridge,  with  scarcely  any  visible  imbricating  folds  or 
bands,  and  is  unsyrametrical  with  the  superior  margin  or  cutting 
edge.  The  horizontal  portion  of  the  crown  is  notched  at  its  free 
edge,  or  has  a  re-entering  angle  in  it.  The  root  proceeds  as  a  single 
fang  from  the  whole  of  the  under  surface  of  the  horizontal  portion. 

Obs, — Mr.  W.  Davies  has  very  kindly  aflforded  mo  the  following 
information : — A  similar  tooth  formed  one  of  a  collection  brought 
under  the  notice  of  the  Geological  Section  of  the  Bradford  Meeting  of 
the  British  Association  the  year  before  last  (1873)  by  Mr.  W.  Home, 
of  Leybum,  from  the  Yoredale  Limestone  of  Wensleydale,  Yorkshire.* 
Mr.  J&avies  and  Mr.  Home  had,  before  the  meeting  referred  to,  dis- 
cussed the  probability  of  this  tooth  having  been  the  entire  dental 
armature  of  an  upper  or  lower  jaw.  or  whether  it  might  have  been 
one  of  several  teeth  appertaining  to  the  same  mouth.  Mr.  Davies  is 
also  much  impressed  with  its  resemblance,  externally,  to  the  un- 
covered teeth  of  the  Parrot  fishes  generally,  but  more  especially  to 
the  Diodons ;  but,  as  the  fish  whicli  bore  this  tooth  was  undoubtedly  a 
Selachian,  and  the  structure  of  the  tooth,  within  the  mouth,  so  dif- 
ferent to  that  of  the  Diodons,  it  can  have  no  affinity  with  these 
recent  fishes,  although  very  suggestive  of  a  Selachian  with  a  similar 
form  of  mouth.  A  specimen  of  I\  Benniei  is  in  the  British  Museum 
Collection,  from  Beith,  presented  by  Mr.  Craig. 

*  ifvKiiy  a  hoof. 

'  Brit.  Assoc.  Reports,  T.  S.  p.  84  (short  abstract  only). — I  take  this  opportunity  of 
expressing  my  thanks  to  Mr.  Davies  for  much  kind  assistance  rendered  me  Vki^ku^ 
British  Museum  on  seTeral  occaj>ion5.  ^ 
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The  crenulato  striationB  along  the  cutting  edge  of  tho  tooth  «ro 
also  continued  along  the  edges  of  the  central  denticle. 

Loealily. — Shiells  Quarry,  near  East  Kilbride.  Lanarkshire,  from 
shale  connected  witlt  the  main  Limestone,  Lower  Carbooiferona 
Limestone  Group.  Collected  hy  Mr.  Jamee  Bennie,  after  whom  the 
species  ia  uamed,  and  to  whom  I  am  indebted  for  an  opportunity  of 
describing  it. 

Genns  Pbtalodus. 
Petalodu*  r  tobaias,  sp.  nov.      Plate  VIII.  Figa.  5  and  6. 

Sp.  eharg. — Tooth  small ;  crown  thin,  flattened  ;  superior  msigin 
with  an  angular  outline,  gradually  sloping  away  to  the  lateral  angles, 
and  divided  into  numerous  lobes  or  denticles,  of  which  the  middle 
one  is  the  largest  (the  sides  of  the  specimen  are  broken,  but  on  one 
side  the  centml  denticle  there  are  six  perfect,  and  the  remains  of  a 
seventh  broken  denticle,  whilst  on  the  other  side  there  are  only  three 
preseri'ed) ;  surface  of  the  crown  smooth,  and  highly  polished ; 
uiiterior  face  convex,  with  the  coronal  ridge  formed  of  three  or  more 
imbricating  bands  or  folds,  extending  from  the  lateral  angles  of  the 
tooth  in  a  graceful  curve  to  a  central  point  about  opposite  the  lai^ 
middle  denticle  of  the  cutting  edge.  Poaterior  face  a  little  concave, 
with  the  coronal  bands  more  strongly  marked,  wider  apart,  more 
numerous,  and  fnrther  from  the  cutting  edge  than  on  the  anterior 
face.  The  lobes  into  which  the  cutting  edge  is  divided  diminish 
successively  in  size  from  ths  central  large  one  to  the  lateral  angles  ; 
tho  former  is  acute  and  pointed,  the  latter  are  bluntly  rounded,  and 
all  are  entire  and  non-serrat«.  The  root  is  long  and  pointed;  on  the 
anterior  side  convex  in  the  middle,  concave  at  the  sides. 

Obt. — This  elegant  little  tooth  appears  to  partake  in  some  respects 
of  characters  appertaining  to  the  genera  Felalodu»  and  Clenoptyehtua. 
It  resembles  the  former  in  the  arched  form  of  the  cutting  edge  of  the 
crown,  acute  laterHl  auglas,  and  in  the  arrangement  and  degree  of 
development  of  the  imbricating  bands  forming  the  inferior  margin 
of  the  crown,  especially  in  those  of  the  posterior  face  descending 
lower  than  those  of  the  anterior,  but  in  the  deep  lobation  of  the 
cutting  edge  approaches  the  latter,  e^iecially  the  tooth  known  as 
C.  serratue,  Owen,'  in  which,  however,  each  lobe  or  denticle  is 
serrated,  whereas  in  the  present  species  they  are  oil  entire.  It  is  in 
this  lohation  that  /".  lobatus  departs  from  the  Pelalodm  type ;  for 
in  the  species  comprised  jn  this  genus  the  cutting  edge  appears  to  be 
entire  and  merely  serrate  or  crenate,  not  lobed.  I",  lobatiu  has  a  general 
resemblance  to  Ctenopii/chiM  apieaiii,^  Ag.,  but  in  this  species,  as 
figured  by  Agnssiz,  the  denticles  are  larger  and  the  general  form  of 
the  tooth  is  different.  A  species  described  by  Messrs.  Newberry 
and  Worthen,  from  the  Coal-measures  of  Indiana,  as  C.  lemidrext- 
larit,'  is  very  nearly  allied  to  our  fossil,  but  the  section  ia  semi- 
circular, the  lobes  or  denticles  less  in  number,  and  either  acute  or 
rounded  in  outline,  whereas  in  P.  lobatus  they  are  all,  with  the 
exception  of  the  central  one,  rounded,  and  are  more  numerous.     The 

M-I\>V'  Sril.  Pal.  Fe-.f.  636,  t.  31,  figl.  31,  !!,  and  23. 
'  Jbia.J'eu.  Atlai  iii.  t.  19,  figa.  1  ud  la. 
'  ep,„i.  oi-rr.  JCtpl.  niinois.Tol.  a.f.  12,^.  i.flSi.  IS  a.  and  f. 
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anterior  and  posterior  faoes  of  C.  semidretdaris  "  are  nearly  of  equal 
height,  the  anterior  sometimes  showing  a  basal  ridge  as  in  Petalodu$,**^ 
In  P.  lobaius,  on  the  oontraiy,  the  imbricating  ri(^es  on  the  posterior 
face  are  much  lower  than  those  on  the  anterior. 

Locality, — Old  Quarry  on  Crosshouse  Farm,  near  East  Kilbride, 
from  shale  above  the  msdn  Limestone,  Lower  Carboniferous  Lime- 
stone Group.    Li  the  cabinet  of,  and  collected  by  Mr.  James  Bennie. 

EXPLANATION  OF  PLATE  VIII. 
Fig.  1.  Modiola lithodomoide*^  R.  Eth.,  Jan.,  Longnor,  DerbyBhire ;  nat.  size.    Coll. 

Miuefiim  Pract.  Geol. 
Fig.  2.  ModioU  lUhodomoides,  B.  Eth.,  Jan.,  Beith,  Ayrshire ;  nat.  sixe.    Coll.  Edinb. 

GeoL  Soc.' 
Fig.  8.  Futahrhynehua  f  Benniei,  R.  Eth.,  Jun.,  Shiells  Quarry,  near  East  Kilbride; 

Tiew  ol  posterior  face,  x  2. 
Fig.  4.  FtUUorhynehua  f  Bmnieiy  R.  Eth.,  Jan.,  Shiells  Qnarry,  near  East  Kilbride  ; 

▼lew  of  anterior  face,  x  2. 
Fig.  6.  Fetaloduif  lobatui,  R.  Eth.,  Jun.,  Crosshouse,  near  East  Kilbride ;  view  of 

anterior  face,  x  4. 
Fig.  6.  PUaloduif  lobatu*,  R.  Eth.,  Jun.,  Crosshouse,  near  East  Kilbride ;  view  of 

posterior  face,  x  4. 
CoBXBcnoif . — In  my  **  Notes  on  Carboniferous  Lamellibranchiata**  (Gbol.  Mao. 
1874,  Dec.  II.  Vol.  I.)  an  error  occurs  in  the  description  of  Plate  XIII.  (pp.  30d-6V 
For  "  slightly  enlarged,"  and  "  natural  size,"  read,  all  Jigures  enlarged  twice  the 
natural  eiu.  

n. — CONTBIBUTIONS   TO   THE    StUDY   OP   VOLCANOS. 

By  J.  W.  JuDD,  F.G.8. 
(Continued  from  page  214.) 

The  Island  op  IscraA. 

PERHAPS  no  district  of  equal  area  could  be  named  in  which  so 
many  instructive  illustrations  of  volcanic  action  may  be  wit- 
nessed as  the  beautiful  island  of  Ischia.  Although  only  about  six 
miles  long  by  four  broad,  yet  this  island  exhibits  a  great  central 
volcanic  mountain, — named  "Epomeo" — surrounded  by  numerous 
parasitical  copes  and  craters,  which,  alike  in  their  features  and 
their  products,  present  the  most  interesting  variations. 

After  the  well-known  descriptions  which  have  been  given  of  the 
island  by  Sir  William  Hamilton,  Scrope,  Daubeny,  James  D.  Forbes, 
Scacchi,  and  many  other  observers,  and  the  more  complete  treatises 
of  Signer  Ferdinando  Fonseca  and  Herr  C.  W.  C.  Fuchs,  dealing 
respectively  with  its  palaeontological  and  petrological  features,  any 
farther  account  of  its  geology  may  seem  to  be  unnecessary.  But 
a  study  of  the  physical  features  presented  by  the  island,  aided  by 
the  light  thrown  upon  them  by  the  numerous  valuable  researches 
above  alluded  to,  appears  to  me  to  lead  to  a  more  complete  reali- 
zation of  the  nature,  mode  of  action,  and  succession  of  the  forces 
to  which  the  production  of  those  features  was  due,  than  has  as  yet 
been  published,  and  enables  us  to  reconstruct,  in  a  more  complete 
manner  than  has  been  hitherto  attempted,  the  geological  history  of 
the  island.  In  the  following  descriptions,  therefore,  I  shall  pursue 
the  chronological  method,  and,  beginning  with  the  oldest  formations, 
gradually  pass  to  those  of  more  recent  date,  until  we  at  last  reach 
those  the  production  of  which  is  noticed  in  histoxical  i^got^^. 

^  U.  p.  73. 
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The  island  of  Jsoliia,  like  thoee  of  Vivara,  Prociila,  and  Nisifa,  is 
merely  an  outlying  portion  of  tbe  Campi  Phlegrrei  of  Naples ; 
and  the  conclueiona  to  which  we  are  led  concerning  the  nature 
and  ago  of  the  tuffs  and  lavas  of  the  island  we  are  especially 
describing,  are  almost  equally  apgpUcable  to  tliose  of  the  whole  dis- 
trict. The  two  principal -volcanoBofthiB  area  are  VesuviuB  (inclading 
under  that  name  the  more  ancient  Sorama  aa  part  of  the  same  monn- 
tain)  and  Epomeo ;  the  former  of  wjiich  consistB  of  a  central  coue 
within  a  semi-circular  orater-ring,  composed  of  trachytic-tufis  enve- 
loped by  lava  and  agglomerates  of  leucilic  basalt,  which  have  been 
the  pruducta  of  all  ita  later  eruptions ;  tbe  latter  is  a  mined  tuff-cone, 
sarrounded  by  uumeroua  parasitical  rents,  the  lavas  and  fragmentary 
materials  produced  by  which  have  all  been  of  trachytic  character. 

A  lino  drawn  through  Epomeo  and  Vesuvius  would,  if  produced, 
Blrike  Ihe  volcanic  region  of  Monte  Tultur  in  one  direction,  and  that 
of  the  Pouza  lalauda  in  the  other ;  and  the  numerous  cones,  oratei- 
rings,  and  crater-lakes  of  the  Campi  Phlegrsei  all  api)ear  to  be 
arranged  along  linen  parallel  to  this  series  of  grand  volcanoa. 

Wo  can  Bcaroely  doubt,  therefore,  that  this  linear  and  parallel 
an-angement  points  to  the  existenco  of  a  corresponding  series  of  sub- 
terranean fissures,  by  means  of  which  the  igneous  products,  whether 
of  recent  ilate  or  belonging  to  older  geological  jieriods,  ware  enabled 
to  reach  the  stirfaoe. 

Th&  oldest  portions  of  the  volcanic  rocks  of  Iscliia  are  unqueation- 
ably  tlio  seiios  of  pumiceous  tuffs  of  a  greenish  colour  which  make 
up  tbe  great  central  cone  of  Epomeo.  That  this  tuff  has  been 
formed  from  an  ordinary  trachytic  lava,  through  the  distension  and 
dispersion  of  portions  of  its  mass  at  periods  of  eruption  by  the  im- 
prisoned gaseous  and  liquid  materials,  there  is  clear  proof  afforded  in 
its  general  characters,  and  chemical  composition.  We  may  indeed 
call  tbis  tuff  the  "  frotii "  of  trachyte,  and  compare  its  relations  to 
that  rock  with  those  which  aubsist  between  tbe  wave  and  the  wreaths 
of  foam  driven  from  its  summit.  The  following  analyses  illustrate 
the  composition  of  these  tuffs  of  Epomeo,  and  prove  its  general  iden- 
tity with  those  of  the  Pblegreean  fields,  of  which  numerous  analyses 
have  been  published : — 

Analyria  of  the  Analjns  of  the 

Green  tuff  of  Epomeo  auna  b; 

by  C.  W,  C.  Fuchi,  1873.      H.  Abich,  1837. 
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Concerning  the  conditions  under  which  this  green  tuff  of 
Epomeo  was  formed,  we  are  fortunately  not  left  in  any  doubt. 
It  consists  entirely,  as  we  have  seen,  of  pumiceous  fragments, 
mingled  with  broken  ciystals  of  sanidine  and  numerous  plates  of 

(blaok  mica ;  these  being  the  most  common  of  the  minerals  included 
in  the  ordinary  trachytes  of  the  district.  The  mass  is  often  found  to 
contain,  moreover,  volcanic-bombs,  and  the  proof  of  the  tuffs  having 
been  the  result  of  the  ordinary  explosive  action  of  volcanos  is, 
therefore,  most  complete.  But  mingled  with  these  tuffs  are  found 
very  namerous  marine  shells,  specimens  of  which  I  collected  up  to 
a  height  of  1846  feet  on  the  slopes  of  Epomeo,  and  they  have  been 
recorded  as  occurring  even  at  still  greater  elevations.  It  would  seem 
clear,  therefore,  that  the  tufb  must  have  been  accumulated  beneath 
the  sea-level,  but  at  such  moderate  depths  as  not  to  prevent  the 
ordinary  explosive  action,  and  that  disengagement  of  imprisoned 
vapour  and  gas,  to  which  the  pumiceous  structure  is  evidently  due, 
readily  taking  place.  In  opposition  to  the  view  put  forward  by 
some  geologists, — namely,  that  lava  when  poured  forth  under  water 
gives  rise  to  a  totally  different  series  of  products  from  those  formed  by 
sabaerial  volcanic  action, — I  may  point  to  the  fact  that  these  un- 
'  doabtedly  marine  tuffs  of  Epomeo,  abounding  in  shells,  offer  no 
essential  points  of  difference  from  the  tuffs  of  Bagno  Secco  in 
Lipari  before  described,  or  those  of  Somma,  both  of  which,  as  we 
have  seen,  contain  numerous  leaves  and  other  remains  of  terrestrial 
plants,  and  were  clearly  of  subaerial  origin. 

Bat  in  the  case  of  the  tuffs  of  Epomeo  we  have  another  interest- 
ing proof  of  its  submarine  mode  of  origin.  The  tuffs  are  sometimes 
interstratified  with  "marls,"  "clays,"  and  white  calcareous  rocks 
of  a  chalk-like  aspect  The  interesting  analyses  of  these,  however, 
by  Fuchs,  show  that  they  are  all  formed  from  the  volcanic  tuffs 
by  ordinary  aqueous  erosion,  aided  to  some  extent  by  the  passage 
through  the  mass  of  gases  and  vapours,  and  the  ordinary  action 
of  organic  beings  living  on  the  sea-bottom,  especially  of  the  niollusca, 
in  separating  the  carbonate  of  lime.  In  illustration  of  this  statement, 
we  may  quote  the  following  analyses : — 
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(a)  represents  the  composition  of  the  so-called  marl  of  Epomeo, 
which  is  very  largely  dug,  and  both  at  Casamicciola  and  Naples,  j 
to  which  latter  place  it  is  largely  exported,  used  iox  m^xxi^  >}^iH 
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and    pottery ;    (6)  is  Ihe  analysia  of  the  oonoietionary  nodules  r&- 

Maibling  the  masses,  often  septftriform,  which  abound  in  so  many 
clays  and  marls  ;  (c)  a  similar  fin«-grain©d  white  rock,  bnt  contain- 
ing 18-44  per  cent,  of  carbonate  of  lime;  and  {d)  the  composition 
of  the  residue  of  the  same  rock  aft«r  the  carbonate  of  lime,  doubtless 
owing  ita  presence  to  organic  remains,  has  been  removed  by  acetic 
■oid. 


The  mountain  of  Epomeo  or  3.  Nicola  attains  a  height,  according 
to  the  measurement  of  Scacchi,  of  2608  feet.  The  mass  of  tuffs 
of  which  it  is  composed  constitutes  a  great  semi-circular  wall 
surrounding  a  vast  orater  (see  Flan  of  the  Island,  Fig.  14),  about 
two  miles  in  diameter,  at  the  bottom  of  which  are  situated  the 
villages  of  Fontana  and  Meropano.  The  depth  of  this  great 
crater,  of  which  the  walls  nnsustained  by  the  binding  courses 
constituted  by  lava-etreams,  or  the  buttresses  formed  by  dykes,  are 
in  a  Htat«  of  great  ruin  from  denudation,  ie  about  2000  feet.  At 
its  eastern  extremity  the  great  wall  bounding  the  crater  on  its 
northern  side  is  2215  feet  above  the  sea,  and  several  of  its  highest 
peaks  are  in  this  part  over  2500  feet;  on  the  west  and  south-west 
this'  orater-wall  b  found  to  gradually  decline  in  elevation,  until 
above  Serrara  it  is  only  1276  feet.  On  its  south,  south-east,  and 
eastern  sides  the  crater-rim  has  been  almost  completely  destroyed, 
owing  to  causes  which  will  be  presently  noticed. 

On    its    outer    slopes     the    great    cone    of    Epomeo    is    made 

k     'ip  of  fine-£Tained,  well-stratified  tuffs,  dipping  outwardly  from  the 

'mtre,  and  altematiDg  with  beda  of  m>csUwV  tA«.^,  maxl  and  chalky- 
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marl,  prodnoed  by  aqneotui  and  oiganio  agencies  from  the  igneous 
prodncts.  Bat  in  its  central  parts,  and  within  the  great  crater,  the 
mass  is  composed  of  much  coarser  materials,  and  includes  angular 
blocks  and  bombs  of  large  size. 

The  causes  of  the  destruction  of  the  vast  crater  of  Epomeo  we 
have  not  far  to  seek.  Its  walls  being  wholly  built  up,'  as  we 
have  seen,  of  loose  tuffo,  it  is  evident  that  ihe  weight  of  any 
great  mass  of  lava  rising  through  the  vent  would  inevitably,  if  it 
did  not  force  an  exit  for  itself  nearer  the  base  of  the  mountain,  carry 
away  the  weakest  side,  and  thus  breach  the  crater.  That  the  crater 
of  Epomeo  was  Uius  breached  on  its  eastern  side  we  have  very 
dear  evidence.  It  is  true  that  the  great  streams  of  lava  which  have 
flowed  from  this  side  of  the  crater  down  the  slope  have  been  cut  up 
into  a  number  of  isolated  plateaux  by  aqueous  erosion,  but  a  com- 
parison of  the  slopes  and  elevations  of  these  surviving  portions 
furnishes  us  with  the  clearest  evidence  of  their  former  continuity. 
Thus  Monte  Yetta  exhibits  the  great  bed  of  trachyte,  which  is 
nearly  200  feet  thick,  at  an  elevation  of  1651  feet;  in  Monte 
IVippia  it  rises  to  1341  feet ;  while  in  the  hill  of  Moscardine  it  is 
only  about  900  feet.  In  Monte  Garofali  we  find  another  great 
mass,  perhaps  a  portion  of  the  same  sheet.  And  all  have  a  similarly 
inclined  position  dipping  from  the  great  central  crater  of  Epomeo. 

All  the  lavas  of  Ischia,  from  the  oldest  to  those  more  recent  ones 
which  we  shall  hereafter  describe,  are  of  trachytic  character ;  but 
although  their  ultimate  chemical  composition  is  almost  identical, 
they  nevertheless  offer  some  very  interesting  peculiarities  with 
respect  to  the  minerals  into  which  their  elements  are  combined. 
The  trachytes  of  Ischia  are  made  up  of  a  crystalline  base  composed 
of  both  orthoclastic  and  plagioclastio  felspar,  throughout  the  mass  of 
'which  large  and  brilliant  crystals  of  sanidine,  with  smaller  ones  of 
eodalite,  hornblende,  mica,  mellilite,  magnetite,  and  ilmenite  are 
scattered  in  various  proportions.  Sometimes  the  whole  passes  into 
a  compact  rock;  at  others  we  find  a  stony  base  containing  the 
sanidine  and  other  crystals;  while  occasionally  the  base  becomes 
vitreous  and  the  rock  passes  into  a  porphyritic  obsidian  ("obsidian- 
porphyry  "  or  "  pitchstone-porphyry  ").  Sometimes  again,  as  in  the 
case  of  the  quartz-trachyte  or  Liparites  of  Ponza,  Lipari,  etc.,  the 
true  trachytes  of  Ischia  exhibit  compact  and  vitreous  portions  com- 
bined in  alternating  bands. 

As  examples  of  the  composition  of  the  coarsely  crystalline  light- 
coloured  trachytes  of  Ischia,  we  may  cite  the  following  analyses 
from  Fuchs  and  vom  Rath  : — 
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I  have  omitted  from  tliese  analyses  the  small  proportions  of  sodio 
diloride,  phosphoric  acid,  etc.,  which  tUey  contain. 

As  examples  of  the  compact  and  dark-coloured  trachytes,  we  maj 
notice  the  following :- 
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These  trachytes  are  all  apparently  of  oonsiderobla  antiquity. 
That  of  Monle  Votta  forms,  as  we  have  seen,  a  number  of  isolated 
plateaux,  once  a  ooonected  lava-strcam,  which  breached  the  great 
crater  of  Epomeo  on  its  western  side.  The  other  lavas  also  form 
plateaus  of  ancient  date,  which  flowed  from  some  portion  of 
Epomeo,  or  from  lateral  cones  on  its  flanks.  The  original  points  of 
outburst  of  these  lavu-sti-eams  can  -  now,  however,  be  no  longer 
traced,  so  greatly  have  they  snflbred  from  denudation.  Some  of 
these  lavas,  like  those  of  Soarrupata  and  Monte  Vetto,  are  remark- 
able for  containing  sodalite,  as  shown  by  vom  Kath.  Others,  like 
those  of  Monte  Miirecoecu,  etc.,  are  distinguished  by  the  presence 
of  mellilite.  The  compact  lava  of  Honte  Campagnano  in  ptaoes 
becomes  vitreous,  and  passes  into  obsidian,  and  it  occasionally  ex- 
hibits a  banded  or  ribboned  structure,  veins  of  vitreous  alternating 
with  others  of  stony  lava. 

These  lava-streams  frequently  cap  masses  of  tuff,  and  are  some- 
times intei'bedded  with  such  materials.  In  some  cases  these  tuffs 
are  made  up  of  fragments  of  trachyte  distended  by  gas ;  in  others 
they  are  decidedly  pumioeous,  and  have  been  evidently  formed  from 
a  glassy  root.  As  an  example  of  the  former,  we  may  cite  the 
trachyte  tuff  of  Punta  S.  Angelo ;  of  the  latter,  the  pumioe-tuff  and 
pumice  of  Monte  Vico : — 
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The  w 
in  Ischia  are  of  such  ancient  date  that  they  have  suffered  very  greatly 
from  the  denuding  action  of  subaerial  forces.  The  lavas  which  now 
cap  the  highest  hills  must  have  originally  flowed  along  the  bottoms 
of  raUeya,  the  sides  of  which  have  been  since  removed.    Streams 
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have  cat  ravmes  hundredB  of  feet  in  deptb  through  the  hardest  lava- 
beds,  leaving   isolated   portions  of  them  forming  high  plateaux; 
the  sea  has  eaten  into  the  coast-line,  causing  the  hardest  and  most 
soh'd  masses  to  project  as  great  promontories ;  and  landslips,  probably 
leBolting  from  earthquakes  (to   which  the  district  is  particularly 
liable),  have  done  much  in  bringing  the  central  cone  of  Epomeo  into 
its  present  ruinous  condition.     But  vast  as  are  the  changes  which 
have  been  produced  by  denuding  forces  upon  these  older  portions  of 
the  island,  yet  that  these  latter  have  all  been  formed  within  a  period 
which  is,  geologicatty  speaking,  very  recent,  is  shown  by  the  fact  that, 
with  one  or  two  exceptions,  all  the  fossil  shells  found  in  the  tuffs 
(now  raised  to  a  height  of  2000  feet  in  Epomeo)  are  still  living  in 
the  neighbouring  Mediterranean. 

At  various  points,  however,  around  this  old  extinct  volcano  of 
Epomeo,  and  especially  on  its  north-eastern  side,  we  find  a  number 
of  cones  and  lava-streams,  which  by  their  fresh  appearance  are  seen 
to  be  clearly  of  much  more  recent  date ;  and  of  some  of  these  the 
formation  is  recorded  in  historical  documents.  The  relations  of  the 
ruined  central  volcano  of  Ischia,  with  its  lava-streams  cut  up  by 
denuding  action  into  isolated  plateaux,  to  the  surroimding  cinder- 
cones  and  lavas,  are  precisely  similar  to  those  which  were  so  long 
ago  shown  by  Mr.  Scrope  to  subsist  between  the  three  great  volcanos 
of  Central  France  and  the  numerous  "  pays  "  which  surround  them. 
The  series  of  efforts  to  which  the  Italian  group  of  volcanos  owes  its 
origin  must  evidently  have  taken  place  within  a  much  shorter  geo- 
logical period  than  those  of  Central  France,  which  go  back  as  far  as 
the  Older  Miocene  period ;  while  the  latter  are,  however,  apparently 
quite  extinct,  the  former  are  probably  only  passing  through  an  inter- 
val of  repose  separating  periods  of  paroxysmal  violence. 

Of  the  later-formed  volcanic  vents  ("  puys  ")  of  Ischia,  the  prin- 
cipal are  Montagnone,  Monte  Kotaro  with  Monte  Tabor,  the  Cas- 
tiglione,  the  beautiful  lake-crater  known  as  the  Lago  del  Bagno, 
and  the  modem  cinder-cone  of  the  Cremate,  of  the  formation  of  which 
in  1301  we  have  the  clearest  historical  records. 

Montagnone  is  a  very  perfect  cone  rising  to  the  height  of  1084 
feet,  and  presenting  at  its  summit  a  crater  of  oval  form,  the  bottom 
of  which  is  760  feet  above  the  sea-level.  The  cone  is  almost  com- 
pletely made  up  of  trachytic  scoriae  and  blocks  of  trachyte  of  all 
sizes.  Trachytic  lava  of  extremely  viscid  character  appears  also  to 
have  flowed  from  it,  one  narrow  stream  carrying  away  the  eastern 
side  of  the  crater  and  flowing  down  towards  Bagno,  while  a  wider 
current  has  broken  down  part  of  its  northern  side  and  cascaded  down 
a  steep  slope,  exhibiting  a  remarkable  banded  structure  where  the 
tension  of  the  very  imperfectly  liquid  mass  has  evidently  been  most 
violent.  Neither  of  these  streams,  however,  was  able  to  flow  far,  nor 
to  spread  itself  beyond  the  slope  of  the  mountain.  Many  of  the 
Ischian  lavas,  indeed,  appear  to  have  been  exuded  in  a  condition  of 
such  extreme  viscosity  that  they  accumulated  immediately  around 
the  vent  in  vast  hummocky  masses  ;  and  in  some  cases  it  is  difficult 
to  decide  whether  we  are  dealing  with  the  highly  acoii^^^  ^>isx- 
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face  of  a  solid  mass  of  lava,  or  the  ^glntinated  fragmenta  of 
similar  materiaLs.  Several  active  fuiuaroles  still  exiet  about  Mont- 
agaoDe,  and  if  we  may  be  permitted  to  judge  from  tbe  much  less 
weatbered  condition  of  its  rocks,  almost  destitute  of  soil  and  vegeta- 
tion as  they  are,  we  should  prononnoe  this  cone  to  be  of  even  mora 
recent  date  than  Monte  Kolaro. 

This  latter  oone  is  situated  on  the  western  side  of  lIontAgnone,  and 
is  BO  contiguous  to  it  that  in  their  lower  portions  tbe  slopes  of  tbe 
two  hills  blend  with  one  another.  The  highest  point  of  the  beautiful 
oone  of  Monte  Botaro  is  on  its  S.8.W,  aide,  and  is  982  feet  above 
the  sea  \  the  lowest  point  of  the  crater-ring,  on  its  western  side, 
is  G77  feet ;  while  the  0oor  of  the  crater  is  only  570  feet.  Nothing 
cnn  be  more  striking  th&n  the  contrast  between  tbe  appearance 
of  Botaro  and  Monfognone,  tbe  latter  being  remarkable  for  tbe 
baiTennesB  of  its  bristling  surface  of  lava,  while  the  former  is 
completely  clothed  with  tbe  most  luxuriant  trees  and  shrubs.  The 
interior  of  tbe  crater  of  Kotato,  especially,  presents  tbe  most 
picturesque  appearance,  offering  some  analogy  with  the  well-known 
much-larger  crater  of  Astroni,  near  Naples.  The  extraordinary 
fertility  of  tbe  soil  formed  by  the  deoomposilion  of  the  volcanic 
rocks,  combined  with  the  sheltered  situation,  and  perhaps  also  the 
subterranean  heat  (for  bot  vapours  issue  from  tbe  rooks  at  a  number 
of  points),  have  caused  the  ordinary  shrubs  of  tbe  Meditananean 
area  to  asBnms  a  luxuriance  unknown  to  them  elsewhere.  It  is  even 
said  that  the  abnormal  development  of  certain  forms  growing  in 
this  natural  bot-liouse  is  go  great  as  to  make  tho  species  in  some 
cases  difGcult  of  recognition. 

The  cone  of  Monte  Botaro  is  made  up  of  an  agglomerate  con- 
taining blocks  of  all  sizes  of  the  ordinary  san id ine- trachyte,  more 
or  lees  scoriaceous,  and  sometimes  becoming  pumiceoua.  Among  the 
blocks  are  many  composed  of  sanidine-trochyte  with  a  vitreous  base 
(pi tcbstone- porphyry),  the  glass  being  of  a  jet  block  colour,  and  the 
brilliant  white  crystals  of  sonidioe  scattered  through  it  giving  the 
rock  a  most  striking  appearance.  When  the  glassy  base  of  this 
"  pitch  stone-porphyry  "  or  porpbyritio  obsidian  is  distended  by  gases, 
it  passes  into  pumice,  which  sdll  contains  entangled  among  its  fibres 
the  fine  crystals  of  sanidine,  showing  clearly  that  these  latter  most 
have  been  formed  aiihin  the  volcano,  and  not  daring  the  progress 
of  tbe  cooling  of  the  lava. 

It  must  of  course  be  borne  in  mind  that,  as  was  clearly  pointed 
out  by  Abicb,  we  have  two  distinct  series  of  obsidians  and  pumices, 
the  one  corresponding  to  the  juard-tracbytes,  and  the  other  to  the 
ordinary  trachytes.  Of  tbe  first  of  these  we  have  already  given 
many  illustrations  in  describing  the  Lipari  Islands ;  of  the  latter  we 
can  perhaps  nowhere  study  more  interesting  examples  than  in 
Ischia.  All  volcanic  rocks  may  pass  into  the  vitreous  condition,  but 
their  tendency  to  do  so  seems  to  be  directly  related  to  the  propor- 
tion of  silica  which  they  contain.  Thus  by  far  the  most  abundant 
obsidians  are  those  which  correspond  to  the  highly  add  lavas,  the 
quarU-tnchyieb  or  Liparites ;  next  in  order,  but  ax  leu  abundant. 
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«fe  the  obridians  like  those  of  Ischia,  wbidh  are  of  the  same  chemical 
oompoaitioii  as  the  ordinary  trachytes ;  while  the  basic  lavas  only 
▼ory  rarely  assume  the  glassy  condition  (tachylite,  etc.).  The 
following  analyses  of  an  Ischian  pamice  by  Abioh,  and  of  the 
*' obsidian"  of  Monte  Botaro  by  Fuchs,  may  be  compared  with 
those  of  the  more  acid  glasses  of  Lipari,  which  analyses  have  been 
ilready  given  on  page  62. 
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The  bottom  of  the  crater  of  Monte  Botaro  is  a  small  level  plain 
about  70  yards  in  diameter ;  aromid  this  the  walls  of  the  crater  rise 
to  heights  varying  from  400  to  100  feet  The  irregalar  height 
of  the  crater- walls  appears  to  be  the  result  of  denudation ;  for  though 
several  lava-streams  have  issued  from  it,  notably  one  on  its  southern 
side,  yet  the  crater  seems  to  have  been  reformed  subsequently  to  the 
outflow  of  the  last  of  them.  Indeed,  as  we  shall  now  proceed  to 
show,  the  streams  of  lava  of  the  latest  eruptions  of  Monte  Kotaro 
appear  to  have  proceeded  from  its  base,  and  not  from  its  summit, 
the  crater  remaining  unbreached. 

On  the  northern  slope  of  Monte  Botaro  are  situated  two  small 
mined  cinder-cones,  which  bear  to  that  volcano  the  same  relation 
which  it  does  to  the  central  mass  of  Epomeo.  These  smaller  and 
more  modem  vents  are  Monte  Tabor  and  the  Castiglione.  (See  Fig. 
15.)    The  little  cone  of  Monte  Tabor  is  made  up  of  an  agglomerate  of 
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Fio.  IS.-MoKTi!  RoTARO  With  MoKTK  Tabor  ftt  its  foot,  as  seen  from  Casamicciola. 
a.  the  crater  of  RoUro.    ft,  the  ruined  cone  of  Tabor,    c,  the  lava-stream  flowing  to  the  sea 
and  well  exposed  in  a  series  of  quarries. 

blocks,  some  of  which  are  of  great  size,  and  are  always  more  or  less 
fiooriaceous.  Mingled  with  the  scorise  are  many  fragments  of  the 
ordinary  tufifs  of  Ischia,  and  of  the  same  peculiar  trachyte  which  has 
flowed  from  the  cone.  These  are  often  burnt  to  a  bright-red  colour. 
Near  the  south  foot  of  Monte  Tabor  an  old  "  stufa  "  occurs.  Monte 
Tabor  is  evidently  the  remains  of  a  small  cone  thrown  up  at  the  time 
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nf  the'  iBEue  of  a  lava'Btream  from  the  foot  uf  Moute  Rotaro,  by  t 
flow  of  which  its  northern  si<i«  was  swept  nway,  while  many  of 
lighter  materials  have  also  beeu  renioved  by  atmospheric  denudatic 
The  lava-stream  which  flowed  from  the  oone  to  the  eea  ia  ve 
Bilensively  quarried,  and  thereby  favourably  exposed  for  Btudy.  T 
rock  consiets  of  a  Banidiae-trachyteof  a  pink,  reddish,  greyish,  blou 
or  greenish  tint.  The  pink  colour  of  certain  parte  of  the  rook  is  d 
to  numcrons  crystals  of  Mellilite  (Humboldtilit«).  The  sanidine  cry 
tals  of  this  rock  are  usually  small,  and  some  of  oligoclase  are  Bct 
tered  through  the  baeis  of  the  rock.  The  other  minerals  contain 
in  the  rook  are  magnetite,  hornblende,  mica,  and  a  little  angite.  Tl 
interesting  rock  has  been  analysed  by  Fuchs  with  the  followii 
result  :- 
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is  composed  of  a  sooriaceoi 
almost  pumiceoua  mass,  containing  porphyritic  crystals  entangt 
in  it,  and  often  also  inclosing  blocks  of  lava  and  fragments  of  ti 
older  tuffs  which  have  been  borne  along  in  its  flow.  Where 
first  issues,  this  upper  scoriaoeons  portion  of  the  lava-stream  is  n 
loss  lliiin  15  fuet  thick,  but  it  gradually  diminishes  to  a  few  feet  on 
towards  the  end  of  the  current. 

A  little  to  the  east  of  Monte  Tabor  another  and  smaller  vent  h 
been  opened,  which  has  given  rise  to  another  lava  that  has  flow 
down  to  the  sea.  At  its  source  is  the  still  active  stafa  known 
Acqua  Costiglione  al  mare,  the  water  of  which  has  a  temperature 
from  160°  to  170°  F.  The  lava  of  Castiglione  is  a  trachyte  of  dart 
colour  than  that  of  Mont«  Tabor,  and,  like  it,  is  exhibited  in  sectio 
in  the  cliffs  of  the  island. 


itagnoaB  ind  Rolmro  la 


The  Lago  del  Bagno  is  evidently  a  small    crat«r-lake ;  It  is 
regularly  circular  form,  and  about  a  quarter  of  a  mile  in  diamet 
It  has  clearly  been  formed,  like   the   similar   craters  occupied 
lakes  in  the  Campi  Phlegrrei,  by  explosive  action.     A  few  years  a 
the  tuffs  forming  the  northern  margin  of  this  lake  were  cut  throuj 
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and  the  sea-water  being  thus  admitted,  a  most  beautiful  basin  was 
formed,  within  which  ships  can  lie  in  perfect  security  ;  this  natural 
basin  now  a£fbrds  by  far  the  best  port  in  the  island.    (See  Fig.  16.) 

The  recent  date  of  the  cones,  craters,  and  lava-streams  just 
described,  is  proved  by  their  very  fresh  appearance.  It  is  probable 
that  some  at  least  of  them  were  produced  during  the  outbursts, 
acoomx>anied  by  such  terrible  earthquakes  that  the  inhabitants 
were  compelled  for  a  time  to  abandon  the  island,  which  we 
know  from  historical  accounts  to  have  frequently  taken  place. 
Great  eruptions  are  recorded  as  having  occurred  in  Ischia  about 
the  year  470,  between  the  years  of  400  and  352,  and  in  that  of 
89  B.a,  and  between  79-81,  138-161,  and  284-305  a.d.  After  an 
interval  of  nearly  a  thousand  years,  the  great  outbreak  of  1301  took 
place.  The  attempts  which  have  been  made  to  identify  the  various 
recorded  outbursts  before  the  long  period  of  rest,  with  existing  cones 
and  lava-streams,  are,  it  seems  to  me,  at  best  very  conjectural ;  but 
that  the  eruption  of  1301  gave  rise  to  the  crater  known  as  the 
Cremate,  and  the  lava-stream  of  the  Arso  which  flows  from  it,  there 
is  not  the  smallest  room  for  doubting. 

The  Cremate  is  situated  in  a  deep  valley  in  the  east  side  of 
Epomeo,  and  constitutes  a  perfect  example  of  a  small  volcanic 
cone  which  has  been  breached  by  the  outflow  of  a  great  current 
of  lava.  By  descending  the  interior  slopes  of  the  crater,  we  find 
its  walls  to  be  composed  of  the  scoriae  derived  from  the  same 
peculiar  trachyte  which  constitutes  the  Arso  lava-stream.  These 
Booriae  are  black  cinder-like  masses  (weathering  to  a  reddish  colour), 
completely  filled  with  the  entangled  crystals  of  sanidine  and  other 
minerals  which  occur  porphyritically  imbedded  in  the  solid  lava. 
Sometimes  the  lava  blocks  have  a  vitreous  base,  and  resemble 
"  pitchstone-porphyry,"  and  in  these  cases  the  scoriae  derived  from 
them  have  a  pumiceous  character.  Alternating  with  the  gi-eat 
masses  of  agglomerate,  the  blocks  of  which  are  of  all  sizes,  some 
being  very  large,  are  a  number  of  subordinate  lava-currents,  of  the 
same  petrological  character  as  the  principal  lava-stream.  The  great 
lava-current  of  the  Arso  has  risen  from  the  bottom  of  the  crater  of 
the  Cremate,  and,  sweeping  away  its  western  side,  has  flowed  down 
to  the  sea,  along  the  line  of  valley  between  Bagno  and  the  city  of 
Ischia,  a  distance  of  about  a  mile  and  a  half.  The  highest  point  of 
the  Cremate  is  763  feet  above  the  sea,  the  bottom  of  its  crater  628. 
From  this  lowest  point  the  lava  has  boiled  up  to  the  height  of  597 
feet,  and  here  forms  a  number  of  ridges  composed  of  blocks  set  on 
end  and  scattered  about  in  the  wildest  confusion.  Thence  following 
the  course  of  the  valley,  and  widening  as  it  approaches  the  sea,  the 
lava-current  forms  an  extremely  rugged  Cheire,  the  surface  of  which 
is  only  very  scantily  clothed  with  broom,  while  numerous  trees  of 
the  well-known  Italian  stone-pine  have  sprung  up  here  and  there  in 
its  hollows.  At  a  number  of  points  nests  of  specular  iron  and  other 
products  of  sublimation  from  the  cooling  lava  are  found,  and  one 
vent  still  exists  from  which  hot  vapour  continues  to  issue. 
The  accounts  of  the  great  eruption  of  1381  which  have  co\!^'^ 
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down  to  UB  are  of  a  reiy  meagre  chAmoter;  that  of  PootanUB  having 
been  written  in  1538,  and  that  of  MarentA  in  1569, 

The  products  of  this  laxt  eruption  in  Ischia  present  many  featum 
of  the  highest  interest  to  the  geologist.  The  rock  of  the  Arsu 
lava-stream  is  decidedly  more  basic  in  character  than  any  other 
rock  in  the  island.  It  does  not,  however,  fairly  fall  wilhtn  the  class 
of  lavas  intermediate  between  the  traohytes  and  basalts,  to  which 
Abich  gave  the  name  of  "  trachy- dole  rite,"  and  to  which  more 
modern  writers  apply  the  term  "andesite."  The  basis  of  this  lava 
is  of  a  verj  dark  grey,  almost  black  colour,  and  consists  of  an 
amorphous  dark-coloured  magma,  in  which  crystals  of  ortlioclastie 
and  ptagioclastic  felspars  are  imbedded.  Scattered  in  great  abund- 
ance through  the  mass  are  large  crystals  of  eanidlne,  which,  as 
Fuchs  has  shown,  present  some  very  anomalous  characters.  With 
these  occur,  sometimes  in  great  abundance,  crystals  of  hornblende. 
augito,  mica,  and  magnetite,  and  irregular  grains  of  olivine.  A  very 
similar  rook  occurs,  as  wa  have  seen,  in  several  of  the  Lipari  Islands. 

In  ilhistration  of  the  oomposilion  of  the  peculiar  lava  of  the  Arto, 
I  may  cite  the  analyses  made  of  it  by  Abich  and  Fuchs,  and  that 
of  the  cinders  of  the  Cremate  by  the  latter  author. 

AiBO  \a.vi,  Tbe  sams.  Cinden  tA 


saic*  eo'80  bi-r. 

AlomJDR       17-31  17-8i 

Ferric  Oxide       S'SS  4't' 

PerruuB  Odde      I'SQ  S'g< 


len<d!  ^^J 


Ma^MU      207  1-T7  1-93 

PoUsh 7-77  7-66  738 

8od»       464  377  S04 

The  specific  gravity  of  the  Arso  rock  is  according  to  Fuchs  2-61. 
Abich  estimated  the  minerological  composition  of  the  Ano  lava  to 
be  aa  follows : — 

Pelipar 84-46 

OliTine !-6l 

Augite 9-22 

Magnetite     373 

Ischia  contains  a  great  number  of  hot  and  mineral  spricgs,  at 
many  of  which  those  baths  have  been  erected  for  which  the  island 
is  famous.  Some  of  these  springs  also  give  ofi'  laige  quantities  of 
carbonic  acid  and  other  gases,  and  a  number  of  stufe  from  which  dry 
steam  issues  also  occtir.  These  numerous  hot  springs,  etc.,  testify 
to  the  activity  of  the  forces  still  at  work  beneath  the  island ;  so 
that  a  new  outburst  of  these  forces,  which  have  now  been  otherwise 
dormant  for  nearly  600  years,  may  at  any  time  take  place. 

The  effects  of  Bubterraneon  forces  in  changing  the  elevation  of 
different  parts  of  the  island  within  periods  which  are  geologically 
very  recent  ore  manifested  in  the  raised  beaches  of  Laoco,  Punta  St. 
Alesandro  and  Punta  dell'  Imperatore.  All  of  these  yield  great 
numbers  of  shells  of  the  species  still  existing  in  the  Mediterranean, 
which  are  found  up  to  heights  of  130  feet  above  the  sea-level. 
Alike  in  the  oomposition  of  ita  lavas  and  tuffia,  and  in  the  periods 
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dining  whidi  Us  seTeral  Tolcanio  formations  originated,  we  find  the 
closest  analogy  between  the  island  of  Ischia  and  the  adjaoent  Campi 
FUegrsi ;  and  the  stady  of  the  former  throws  much  light  upon  the 
structure  of  the  latter. 

In  Ischia  we  see  proofs  of  a  great  volcanic  cone  rising  gradually 
aboTe  the  sea-level,  and,  when  it  had  reached  its  present  limit  of  size, 
becoming  extinct,  while  lateral  outbursts  took  place  on  its  flanks. 
PWdly,  around  the  ruins  of  the  central  pile,  sporadic  erup- 
tions gave  rise  to  smaller  cones  and  craters,  and  even  these  in 
some  cases  had  their  lateral  or  parasitical  cones.  The  points  of 
resemblance  and  difference  in  the  course  of  events  and  the  succes- 
lion  of  products  in  the  three  great  yolcanos  of  southern  Italy — 
Epomeo,  Vesuvins,  and  Vultur — are  worthy  of  the  most  attentive 
tady  and  consideration  at  the  hands  of  the  geologist. 

(To  h$  contwtud  in  our  next  Numb$r,J 
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By  Waltbb  Flight.  D.Sa,  F.G.S., 

Of  the  Department  of  Mineralogy,  BritiBh  Mnsenm ; 

Anistant  Examiner  in  Chemistry,  UniTersity  of  London. 
{jOontin%i«d  from  page  226.) 

1872,  Deoemher  12ih,  4*53,  p.m. — ^Lexington,  Eentuoky.^ 

The  meteor  took  a  direction  S.  45**  E.,  and  exploded  with  a  loud 
noise  at  an  altitude  of  about  20  miles,  the  cloud  remaining 
Several  minutes.  The  inclination  to  the  horizon  was  probably  not 
less  than  30^  or  more  than  60°.  The  fragments  of  the  meteorite, 
which  have  not  yet  been  found,  probably  fell  20  or  30  miles  N.W.  of 
liebanon. 

A  number  of  meteorites  have  fallen  about  this  date,  and  they  are 
separated  in  a  group  by  an  interval  of  some  days  from  the  aerolites 
of  the  earlier  and  later  days  of  December.     The  members  of  this 

^onp  are : — 

1858.  December    9th.  Aussun  and  Clarac,  Haute  Garonne,  France. 

1870.  December    9th.  Tjab^,  Bodgo  Negoro,  Rembang,  Java. 

1871.  December  10th.  GoemoroDh,  near  Bandong,  Java. 
1836.  December  lUh.(P)  Macao,  Brazil. 

1872.  December  12th.  Lexington,  Kentucky. 

1796.  December  13th.  Wold  Cottage,  Thwmg,  Yorkshire. 

1798.  December  13th.(P)  Erakhut,  Benares,  India. 

1803.  December  13th.  Massing,  E<?genfeld,  Bavaria. 

1813.  December  13th.  Luotolax,  Wiburg,  Finland. 

1807.  December  14th.  Weston,  Connecticut. 

Found  1872.— Los  Angeles,  California.' 

A  very  brief  account  is  given  of  a  mass  of  iron  weighing  SOIbs., 

^hich  was  found  at  Los  Angeles.     It  is  stated  that  its  specific  gravity 

is  7-905,  and  that,  when  acted  on  with  dilute  nitric  acid,  the  smooth 

surface  exhibits  innumerable  scales  of  scbreibersite,  but  that  the 

Usual  figures  are  not  developed. 

»  D.  Kirkwood.     Amer.  Jour.  Sc,  1873,  v.  318. 
2  C.  T.  Jackson.    Atner  Jour,  Sc^  1872,  iv.  495. 
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Fonnd  December,  1872. — Henntmaiuiidorf,  Saxony.' 


Dresden 


A  block  of  iron,  weigliing  25lba.,  now  preserved  m  the  Droaden 
Miiseuni,  was  found  in  1872,  two  feet  below  tbe  Burfac«.  As  I  could 
meet  with  no  announcement  of  tlie  oonetitution  of  this  meteorite,  I 
oOQoeived  it  possible  that  it  might  form  a  new  member  of  the  inter- 
esting little  group  of  Bidorolitee  to  which  the  Breitonbach,  St«inbach 
and  Rittersgriin  mateorites  belong,  I  le«m,  however,  from  Profeeaor 
Geinitz,  that  it  is  a.  metallic  mass,  and  that  it  has  been  analyzed  by 
Licfateuberger  with  the  following  results  : — 

Iran   =  9459;  Kicld  =    S'31       =  SS'M) 

It  oontaina  no  cobalt,  carbon,  maoganeae,  or  uranium.  Tbe  author 
states  that  although  it  is  odrefully  preserved  under  a  glass  shade,  a 
liquid  (ferrous  chloride)  eiudes  from  it,  and  it  shows  a  tendency  to 
scale  off,  as  the  Greenland  (Disko)  irons  do.  A  more  complete  inves- 
tigation of  this  meteorite  will  shortly  be  undertaken. 

1873,  February  3rd,  968  p-in. — Liverpool  and  Chester.' 
This  meteor,  which  is  described  as  one  of  the  largest  class  of  deto- 
nating meteors,  illuminated  the  whole  district  which  it  trHvorsed 
with  one  or  two  prolonged  flashes  of  light  at  least  as  powerful  as 
that  of  the  full  moon.  Owing  to  the  clouded  state  of  the  sky,  which 
nearly  concealed  the  moon  in  many  places,  the  descriptious  of  its 
apparent  path  are  nowhere  sufficiently  determinate  to  indicate  with 
much  precision  its  real  course  ;  the  meteor,  however,  appears  to  have 
moved  at  a  lower  elevation  than  is  usual  \vilh  shoot inf!;-e tars  over  the 
north  of  S'litforilshire  ami  Cheshire,  passing  at  a  height  of  less  than 
40  miles  over  Crewe,  ami  to  have  vaniBliod  at  an  nltiiudo  of  less  thiui 
30  miles  over  a  point  between  Liverpool  and  Chester ;  a  sound  like 
the  loud  boom  of  a  distant  gun  or  a  loud  roll  of  thunder  was  bewd 
about  three  or  four  minutes  after  the  disappearance  of  the  meteor. 
The  observations  of  its  apparent  path  show  considerable  discordance, 
and  it  seems  that  its  course  may  have  been  more  directly  from  E.  to 
W.  The  light  of  the  meteor  was  of  a  bluish  hue,  leaving  a  train  of 
brilliant  sparks  along  its  track.  It  appears  to  have  been  visible  as 
far  south  as  Bristol.  On  the  same  date,  and  at  the  same  local  time, 
a  veiy  brilliant  fireball  was  seen  in  Australia. 

1873,  Jane   17th,  8-46  p.m.  (mean  Brealan  time). — ^Frosohwltx, 
near  Beichenberg,  Bohemia  [Lat.  50°  40'  N. ;  Lon;.  14°  SI'  R]  * 

A  brilliant  meteor  was  seen  about  half  an  hour  after  sunset,  and  in 
bright  twilight,  over  the  whole  of  the  Eastern  area  of  Germany  and 
in  Austria ;  the  train  remained  visible  for  a  quarter  of  an  hour, 
which  enabled  the  astronomer  of  the  Breslau  Observatory  to  measure 

I  Amer.  Jour.  Se.,  vi.  iS7 .—SiltMiig$-Btr.  der  Tiii  lu  Dmdtn,  I8T3,  *. 

*  Bril.  Afoe.  Rip.,  1873,  Obe.  Luminona  HotEora,  363  and  364. — Brit.  Al»oe. 
Srp.,  I8T3,  01m.  Luminoiu  Met«ors.  Z16.~Engliih  Mechanie,  1B73,  171. 

>  Q.  von  MesBl.  Aslrontm.  NatkrithttH,  Iziiii.  161.  (No.  1966).— J.  Q.  OiUe. 
Silt.  Mctcaralog.  Stctieit  dtr  BeAUt.  OueU.  fir  vatirlaitdittlu  CuUur,  1873, 
December  17th. 
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the  poeitioii  of  two  points  aJong  its  coime.  It  wis  obserred  in 
Sftzonj,  Thmingia,  Brandenburg,  Mecklenbmg,  Pomennia,  West 
Prnssia,  and  in  many  parts  of  Austria  ss  far  as  Hnngazy  ;  and  tbe 
report  of  the  explosion  was  heard  in  the  Hirschberger  Tlial  and 
along  the  Riesengebirge  range.  The  explosion  appears  to  hare 
taken  place  near  the  Bohemian  frontier,  at  a  hei^t  of  about  41 
geographical  mfles,  nearly  over  GroeBchonau  in  Saxony  and 
Wamsdorf  in  Bohemia,  the  altitude  being  nearly  the  same  as  that 
at  which  the  oosmical  path  of  the  meteorites  of  Pultusk  (1868, 
January  dOth)  is  belioTed  by  Galle  to  have  terminated.^  According 
to  Niesal,  it  was  seen  nearly  Tertical  over  the  Tillage  of  Hermhut  in 
Saxony  at  the  time  of  its  dissolution.  The  general  course  of  tbe 
meteor  was  from  S.&E.  to  N.N.W. 

Although  it  does  not  appear  that  any  fragments  of  a  meteorite  are 
known  to  ha^e  descended  in  the  neighbourhood  of  Hermhut,  some 
information  ¥ras  gathered  by  Prof.  Homstein,  of  Prague,  respecting 
a  Tery  remarkable  form  of  matter  which  is  stated  to  haye  fallen 
at  the  time  of  the  flight  of  the  meteor.  According  to  an  account 
communicated  to  the  Beiehember^r  Zeitung  by  the  Head  Master  of  the 
School  at  Proschwitz,  the  meteor  was  seen  to  explode  in  the  zenith 
at  the  time  stated,  and  some  of  the  burning  fragments  of  the 
meteor  fell  in  that  village,  one  of  them  on  the  high  road  not  far 
from  him.  It  was  of  about  the  size  of  a  fist,  and  continued  to  bum, 
emitting  a  blue  light  and  an  odour  like  that  of  sulphur,  imtil  the 
flame  was  extinguished  by  the  villagers  stamping  it  out  with  their 
feet  This  rough  treatment  reduced  the  mass  to  small  pieces,  which, 
mixed  with  sand  and  dust,  had  tbe  appearance  of  a  slag,  and  were 
not  larger  in  size  than  a  pea.  A  stone,  a  fragment  of  porphyry, 
which  happened  to  be  selected  by  one  of  the  bystanders  to  extinguish 
the  flame,  together  with  some  of  the  above-mentioned  fragments,  was 
examined  by  Websky  and  Poleck,  by  whom  the  substance  was 
pronounced  to  be  pure  sulphur. 

If  this  burning  mass  actually  traversed  our  atmosphere,  the  oc- 
currence is  of  peculiar  interest,  as  being  one  of  the  very  few 
instances  where  sulphur  in  the  separate  elementary  condition  has 
been  found  as  a  meteoric  substance.  Chladni,  in  his  Feutr- Meteore,^ 
refers  to  a  statement  in  the  Theatrum  Europceum,  vol.  iv.  p.  399, 
that  in  June,  1642  (?),  sulphur  fell  at  Magdeburg,  and  at  Lohburg 
four  miles  distant ;  one  mass,  the  size  of  a  fist,  striking  the  roof 
of  the  castle.  Galle,  in  his  memoir  Ueber  den  gegentc^rtigen 
Stand  der  Untersnchungen  ueber  die  gelatinosen  sogenannten  Stem- 
Bchnuppen-SubstaHzen,  published  in  the  year  1869,  cites  a  paper  by 
von  Hoflf,'  describing  a  substance  which  was  found  on  the  6th 
September,  1835,  between  Friemar  and  Grotha  during  a  star- 
shower.  It  smelt  like  liver  of  sulphur,  and  when  held  in  the 
hand  melted  to  a  thick  liquid,  which  evaporated,  diflfusing  a  stmng 
odour  like  that  of  burning  sulphur  and  phosphorus.     Another  sub- 

»  J.  G.  Galle.     Xaiurtc.  Abh.  zu  den  Sehriftni  dfr  SchUs.  GeselL,  1868,  79. 
»  E.  F.  F.  Chladni.     Ueber  Feuer-Meteore'    Vienna,  1819.     Page  367. 
*  K.  £.  A.  von  Hofif.   Fogg.  Ann.,  xxxyI.  315 ;  JIandw.  der  Chem.^  v.  224. 
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etanoe  reHemliHng  liver  of  sulphur  ia  stated  by  Chlodni  Jn  hia  p 
Xleher  der  Urnprung  der  ton  Palla$  gf/un(Uneii  vnd  attdtrer 
ahnlioher  Eitenmaaien,  page  26,  to  have  been  fotmd  at  Cobl« 
WoMer  *  detected  the  preeence  of  a  little  &ee  sulphur  in  the  cat 
aceouB  meteorite  of  Cold  Bokbaieldt  (1838,  October  13th)  ; 
KoBooe'  fouud  1*24  per  cent,  of  eulphur  iu  the  remarkable  cu 
aceauB  aerolite  which  fell  at  Alais  (180G,  Maroh  15th). 

Oalln's  paper  coutaina  a  detuilod  eiaminalioa  of  the  observe 
of  tbe  jt&th  of  this  meteor,  made  over  a  wide  area. 

1873,  Aagnrt  24th  — HaryaTillc,  California.* 
All  the  facts  that  I  have  yet  been  able  to  gather  respecting  tlii 

are  that  an  aerolite,  weighing  12ll)s.,  crnahed  through  the  tree^ 
with  a  bright  flash,  and  waa  buried  to  the  unusual  depth  of  < 
feet  'in  the  ground.  When  dug  out  it  was  so  hot  that  it  couU 
be  handled. 

Found  1S73,  Angntt  27th.— EiBenberg,  Sue-Altenbnrg,  Genu 
A  block  of  metal,  weighing  1'679  kilog.,  wsa  left  exposed  oi 
Rnrface  of  the  ground  ot  the  foot  of  tlte  Schneckcnberg,  nort 
Eiseuberg,  by  a  heavy  thunder  shower  washing  away  the  snrronn 
soil.  It  is  a  finely  granular  iron,  through  vhich  are  disaeoiin 
here  and  there  yellow  particles  of  magnetia  pyrites  or  tro 
Unlike  metallic  maaaes  of  undoubted  meteoric  origin,  it  con' 
riL-itlier  nickel  niir  c»bnil ;  when  otched  willi  nitric  nciil  it  exhi 
in  place  of  figures,  minute  etar-Iike  forms.    It  baa  the  compositioi 

Iron      9727 

Phoiphonw 0*21 

Cuban 044 

Silicic  add    1-60 

Graphite       „ 0-90 

10032 
The  presence  of  silioa  was  oonfirmed  by  treating  the  white  ai 

Shous  rounded  particles,  which  remained  undissolved,  with  fay 
uorio  add. 

1873,  Boptomber  23rd,  MO  a.iiL.— Khoirpnr,  12  mUeB  soutl 
Hnltan,  36  miles  E.N.E.  of  Bhawalpur,  Pnnjab,  India,  f 
29°  66-  H. ;  Long.  72°  12"  E.]  • 

The  rooming  is  described  as  having  been  remarkably  clear,  anc 
sky  unclouded,  with  a  faint  glow  in  the  east,  the  snn  still  b 
46  minutes  below  the  horizon,  when  a  meteor,  or  rather  a  cluBt« 
meteors,  appeared  to  the  west  of  an  observer  at  Ehairpur.      ] 

It  Mrdidna  gutil,  ZI1\    179. 

■.,  18S3,  FebnUTT  24th.      Fhti.  4 

'  H.  E.  BoMoa.    Pnw.  Lit.  Phil.  Son.  Matukattr,  1BG3,  Febnurr  UQi. 
*,,..xiY.3lB. 

•  Nalun,  l«l  Janiutl7,  1874.  (From  Ireu.) 

■  H.  B.  OeioiU.    Silamfi-Btr.  der  Uii  ih  Dretdm,  1874,  G. 

•  U.  B.  MedliootL    Jtur.  jltiat. Sot.  Btns»i,lVH,^t.u.  <ao.a.  33.    T/i4  Pit 
^    Bept  3<Hb,  1873. 
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of  them  exceeded  in  brightnees  a  star  of  the  first  magnitude,  and  the 
breadth  of  the  train  left  behind  them  is  estimated  to  have  been  from 
3^  to  5^.  The  first  thought  of  the  eye-witness  was  that  he  was  gazing 
at  a  rocket ;  this,  however,  was  soon  dispelled,  as  the  phenomenon, 
instead  of  fading  ont,  rapidly  increased  in  brightness,  and  continued 
to  move  towards  him,  leaving  a  train  behind.  According  to  the 
report  of  the  Bev.  G.  Teates,  "  its  motion  was  not  >'ery  rapid  but 
steady,  and  by  the  time  it  had  reached  about  10^  of  the  meridian, 
which  it  passed  south  of  the  zenith,  it  assumed  an  exceedingly  bril- 
liant appearance,  the  larger  fragments,  glowing  with  intense  white 
light  with  perhaps  a  shade  of  green,  taking  the  lead  in  a  cluster, 
surrounded  and  followed  by  a  great  number  of  smaller  ones,  each 
drawing  a  train  after  it,  which,  blending  together,  formed  a  broad 
belt  of  a  brilliant  fieiy  red.*'  It  lit  up  the  whole  country,  and  pro- 
duced an  effect  similar  to  that  of  the  electric  light  It  proceeded  in 
this  way  till  it  reached  a  point  nearly  due  east,  paling  again  as  it 
drew  near  the  horizon,  and  at  about  20°  above  it,  it  appeared  to  go 
out  rather  than  to  fall.  The  train,  which  continued  very  bright  for 
some  time,  was  distinctly  traceable  three-quarters  of  an  hour  after- 
wards. At  first  it  changed  to  a  dull  red ;  then,  as  the  morning  broke, 
to  a  line  of  silvery -grey  clouds  that  divided  into  several  portions,  and 
floated  away  on  the  wind.  The  track  of  the  meteor  was  unusually 
long,  extending  through  nearly  180°.  It  firat  appeared  near  the  star 
Algenib,  at  the  time  about  15°  above  the  horizon  on  the  west,  passed 
close  under  Orion,  the  lowest  star  of  which  (Bigel)  was  very  near 
the  meridian,  and  disappeared  as  already  stated.  After  this  had 
taken  place,  and  while  the  train  still  attracted  attention,  there  was 
perfect  silence,  which  was  at  length  broken  by  a  loud  report,  followed 
by  a  long  reverberation,  that  gradually  died  away  like  the  roll  of  dis- 
tant thunder.     This  interval  is  estimated  to  have  been  four  minutes. 

At  Bhawalpur  the  explosion  was  sufficiently  violent  to  shake  the 
houses  and  slam  the  doors.  At  Bhawalgur,  80  miles  from  Khairpur, 
the  meteor  was  seen,  but  no  explosion  was  heard.  It  was  also 
observed  at  Jodhpur  and  Moradabod,  and  was  probably  visible  within 
a  radius  of  300  miles  of  Khairpur. 

A  correspondent  of  The  Pioneer  of  the  30th  September  records 
his  observations  made  on  the  Shujabad  road,  13  miles  south  of 
Multan.  He  states  that  the  different  fragments  into  which  the 
meteor  broke  up  were  distinctly  visible,  "  more  than  twenty  of  them, 
I  should  say,  moving  in  parallel  courses,  two  or  three  of  the  larger 
ones  taking  the  lead  in  Uie  centre,  and  each  of  them  leaving  a  tail 
of  red  light  behind,"  which  blended  together,  forming  one  huge  band 
of  light.  The  report,  which  was  very  terrific,  followed  after  the 
lapse  of  about  three  minutes  and  a  half,  which  would  make  the  point 
where  the  disruption  of  the  aerolite  took  place  about  42  or  45  miles 
distant.  The  train  remained  very  bright  for  some  time,  and  the 
clouds  into  which  it  was  transformed  were  visible  upwards  of  an 
hour  afterwards,  till  they  faded  away  in  the  bright  sunlight. 

Another  correspondent,  "  Shikaree,"  states  that  on  the  left  bank 
of  the  Chenab,  some  60  miles  S.W.  of  Bhawalpur,  ttiQ  T£i^\,v5at  ^^\a- 
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played  great  brilliancy,  and  tbat  a  double  delouation  fbllowod  AiW 
■n  interval  of  six  or  seven  minutes. 

One  of  tbe  meteorites  fell  close  to  a  man  who  had  gone  out  inlo 
the  jungle  for  the  purpose  of  n&ture,  and  frightened  him  bo  much 
that  he  hni'dly  knew  what  occurred,  and  was  under  the  impression 
that  the  stone  puraued  him  for  two  hours.  He  showed  the  spot 
where  it  fell,  however,  and  this  was  the  first  fragment  unearthed  and 
forwarded  by  the  Tuh^dar  of  Khairpur  to  Major  Minchin,  Political 
Agent  for  Bhawalpnr. 

The  stones  fell  partly  in  the  State  of  Bhawalpur  and  partly  in  (ha 
Vuttim  district,  on  either  honk  of  the  Sutlej,  over  an  area  extending 
16  miles  in  a  direction  bearing  3S°  S.  of  E.,  with  a  breadth  of  about 
three  miles.  The  largest  and  perliaps  the  greater  number  fell  to  the 
eastward  of  Khairpur,  and  penetrated  the  earth  to  the  depth  of  about 
IJ  feet  They  are  preserved  in  the  following  collections  in  India, 
■nd  w«igh  respectively  : — 


'  OMiogicRl  Umenni 1  2        i\2 

„  „       0  8  79 

Of  those  atones  or  fragments  that  fell  on  the  Uultan  side  seven 
bave  been  heard  of:  four  at  diffiereat  spots  near  Oogewalk  well, 
E.S.E.  of  Mohomod  Moorut;  two  at  Kliurampur,  on  the  right  bonk  of 
thu  Sutlej  ;  ami  one  at  Araoli.  two  miles  N.W.  of  Khummpur.  Of 
these  one  only  is  in  known  baods,  that  from  Mylsi  Pergunnah,  which 
weighs  6oz.  TOgrs. 

The  account  of  the  physical  characters  of  the  stones  is  very  meagre. 
They  are  all  very  irregular  in  form,  and  are  more  or  less  broken. 
While  some  of  the  fractures  have  evidently  been  aooomplished  by 
hand,  and  others  probably  took  place  at  the  moment  of  falling, 
several  appear  to  have  occurred  during  the  fall,  as  tbe  glazed  surface 
has  been  partially  renewed.  The  stones  are  of  tbe  usual  steel-grey 
colour,  and  exhibit  compact  crypto-cryst^line  texture.  One  specimen 
has  the  specific  gravity  =  3-66. 

1873,  December. — CoomaMie,  Kingdom  of  Aahaatee,  AMoa.' 

In  a  letter  from  the  War  Correspondent  of  The  Standard  it  is 
stated  that  among  the  portents  of  evil  which  were  observed  at 
Coomassie  while  the  British  Army  halted  on  the  banks  of  the  Prab, 
on  aerolite  fell  in  the  market-place  of  Coomasaie.  In  reply  to  an 
application  for  further  details  respecting  this  event,  Mr.  Henty 
writes  that  he  obtained  his  information  from  one  of  the  clergymen 
of  the  Basle  Mission.  He  says  :  "  They  mentioned  these  '  prodigies ' 
as  matters  of  common  rumour  and  belief  at  Coomassie,  but  they  do 
not  appear  to  have  even  made  any  inquiries  whatever  as  to  their 
truth.  Coomassie  was  deserted  when  we  got  there,  so  there  was  no 
opportunity  of  gaining  further  information." 
'  0.  A,  Beatj,  Mareh  U  OtomaiU.  Lou&qh-.  TtuAe^  B««.  VST4,  fa^  320. 
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1874,  Kay  20th.— Tirba,  near  Tidin,  Turkey.' 

This  meteorite  fell  with  a  loud  noi»e,  and  entered  the  ground  to  the 
depth  of  one  metre ;  it  weighed  3 '60  kilog.  A  fragment  presented 
to  the  Paris  Collection  by  His  Excellency  Safvet  Pacha  is  covered 
with  the  usual  dull  black  crust :  a  fractured  surface  shows  the 
meteorite  to  have  a  light-grey  colour  and  a  very  finely  grained 
texture,  with  grains  of  metal  distributed  through  the  mass;  in 
certain  parts  spherular  structure  is  apparent.  In  a  microscopic  section 
it  was  found  that  the  transparent  and  almost  entirely  colourless 
stony  particles  act  on  polarized  light 

The  metallic  portion  is  nickel-iron,  the  presence  of  an  iron  sulphide 
is  recognized  by  the  action  of  acid,  and  numerous  small  black  grains 
of  chromite  are  distributed  throughout  the  stone.  A  part  of  the 
siliceous  constituents  gelatinize  with  acid,  indicating  the  presence  of 
olivine ;  and  a  residue,  which  resists  the  action  and  constitutes  less 
than  one-half  of  the  weight  of  the  stone,  is  believed  to  be  enstatite. 

The  Yirba  stone  belongs  to  the  large  class  of  which  the  meteorite 
of  Luc^,  Sarthe,  France  (1768,  September  13th),  may  be  taken  as  the 
type  ;  and  is  most  closely  allied  to  the  aerolites  of  Bachmut,  Island 
of  Oesel,  St.  Denis  Westrem,  Buschof,  Dolgaja  Wolja,  and  those  of 
other  localities  mentioned  in  Daubr^e's  paper. 

1874,  August  Ist,  11  p.m. — Hexham,  Korthumberland.* 

In  The  English  Mechanic  is  a  letter  from  a  person  signing  himself 
'*  Ralph  Lowdon,"  of  Gateshead,  stating  that  at  the  above  time 
and  place  "a  massive  ball  of  intense  light,"  accompanied  by 
other  pear-shaped  balls  of  fire,  was  seen  to  drop  towards  the  earth. 
The  aerolite,  which  is  alleged  to  have  fallen  in  an  orchard  on 
the  bank  of  the  North  Tyne,  at  no  great  distance  from  Hexham, 
is  stated  to  have  been  found  the  following  day  at  9  a.m.  at  a  depth 
of  14  inches  in  the  soil,  still  quite  warm,  and  to  have  weighed 
301  ^Ibs.  Letters  directed  to  the  above  are  returned  by  the 
Post-oflSce  authorities,  while  a  courteous  reply  which  I  received 
from  the  Rev.  H.  C.  Barker,  of  Hexham,  states  that  the 
editor  of  The  English  Mechanic  must  have  been  misinformed.  The 
rev.  gentleman  writes  :  **  To  make  assurance  doubly  sure,  I  have 
made  inquiry  in  several  quarters,  and  cannot  find  even  the  slightest 
foundation  for  the  statement." 

1876,  February  12th,  10  30  p.m.— West  Liberty,  Iowa.' 

An  account  of  a  very  sensational  kind  is  given  in  the  Dubuque 
Times  of  a  brilliant  meteor  which  was  seen  at  Iowa  City  and  other 
points  of  Central  Iowa  at  this  date.  Its  course  was  from  S.E.  towards 
N.W.  It  had  apparently  about  half  the  diameter  of  the  moon,  and 
was  accompanied   by  a  beautiful   train  ;    it  was  seen   to  separate 

*  G.  A.  Daubree.     Compt.  rend.,  Ixxix.  276. 
'  The  English  Meehan*c,  August  2 1st,  1874. 

^  The  Engineer^  March  26th,  1875,  217.     Amer.  Jour,  Sc.^  ix.  407.     ComyU  r<u<<., 
lixi   1176. 
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into  several  fragments,  and  after  an  intervtJ  of  alxiat  tbreo  minoteB 
three  eipIosiooB  were  distinctly  heard.  One  of  the  fragmenlfi  of 
Uie  meteorite  fell  about  three  miles  south  of  the  village  of  West 
Xiibeity  in  an  open  field,  sinking,  so  it  is  stated,  15  feet  into 
the  ground.  Of  the  100  kilog.  which  have  beon  found,  the 
neater  portion  is  in  the  Iowa  State  University  ^luseum ;  26  kilog. 
have  been  sent  to  Paris.  Daubr^  traces  a  resemblance  betvreea  this_ 
stone  and  the  aerolites  of  Vouillc  and  Aumale. 


1876,  April — .— Zsadiiny,  Hungary.' 
A  preliminary  note  on  this  fall  of  meteorites  has  been 
oated  to  the  Natural  History  Society  by  Ereaner,  the  Keeper  of  the 
Minerals  in  the  Himgarian  Museum  at  Pest.  Their  descent  was 
attended  with  an  explosion,  and  the  peasants  who  were  witnesses 
of  the  fall  state  that  the  fragments  were  oold  at  the  moment  they 
reaohed  the  ground.  Nine  fragments,  rather  smailer  than  wabiuts, 
were  oolleoted,  sis  of  which,  weighing  144  grammes,  are  in  tlie  pos- 
Bession  of  the  above  Society.  The  investigation  of  this  aerolite 
has  been  undertaken  by  Wartba  and  Krenner;  the  former  will 
subject  it  to  analysis,  the  latter  examine  its  minorftlogical  characters. 
It  may  be  mentioned  that  the  stones  which  fell  at  DhiirtoBala  in 
India"  (18G0,  July  14th)  are  statod  to  Lave  been  so  cold  that  they 
could  not  be  held  in  the  bond. 

186-.— Barratta  Btation,  Deniliqain,  Aoitralia.* 

It  is  stated  in  an  issue  of  The  Atutralanaa  of  the  date  given  below 
that  Mr.  Eussell,  the  Government  Inspector  at  Sydney,  while  visit- 
ing Deniliquin,  sncceeded  in  acquiring  for  the  Sydney'ltfuseum  the 
greater  pnit  of  a  meteorite  which  fell  "some  years  ago"  at  Barratta 
Station,  35  milee  "  below  Deniliquin."  The  stone  originally  weighed 
SOOlbe.,  but  it  had  been  broken  up  and  fragments  had  been  distri> 
butod  aa  curiosities.  An  announcement  appeared  last  year  to  the 
effect  that  Mr.  Liveraidge,  of  the  University  of  Sydney,  had'made  a 
preliminary  examination  of  its  composition.     No  details  have  ap- 

rirently  yet  appeared.    (As  the  date  of  the  fall  has  not  been  defined, 
insert  this  imperfect  notice  at  the  conclusion  of  Fart  I.) 

Pakt  n. 
Tn  this  Fart  it  is  proposed  to  present  a  digest,  similar  to  that  given 
in  Fart  I.,  of  the  memoirs  and  notices  published  during  the  year* 
1869 — 18T5  in  reference  to  meteorites,  which  either  have  been  seen 
to  fall  or  have  been  found  at  a  date  earlier  than  the  beginning  of  1869, 
including  a  description  of  their  history,  or  of  any  investigations  of 
the  physical  and  chemical  characters  of  these  meteorites,  together 
with  such  results  as  tend  to  correct  earlier  analyses. 

■  E<iyitirtii  it  Magftr  Vj'ig.  SSnl  April,  ISTS. 

•  W.  Ton  Haidinger.     Siiiber.  Jkad.  Wit.  WUh.  ilii.  SOS;  iUt.  286. 

*  Tit  Auttraiatian,  Apnl  SJad,  1871.— iVdfMrf,  Jv.  (1871),  212.— Bee  »bo   TIa 
.   Jiamai of  Seimte,  iwaia^,  1874, 121. 
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The  Fre-Hometie  Ibteorio  bwu.* 

■ 

Yon  HaidiDger,  in  Aprils  1870,  in  a  letter  addressed  to  Fr.  yon 
Hiiier»  diieoted  attention  to  a  oommunioaticm  wbidh  he  had  reoeived 
fam  Sir  John  Hezscfael,  snpplementing  a  short  notice  on  the  above 
Bobjeoty*  which  was  sent  to  von  Haidinger  six  years  pievionsly  by 
Prof.  Miller^  of  Oambridge. 

HeEBohel  points  out  that  the  Trojan  irons  do  not  constitute  the  only 
instanoe  in  the  writings  of  Homer  where  that  metal  is  mentioned  in 
%  manner  to  provdce  the  assumption  that  all  the  iron  used  at  that 
dme  by  the  Greeks  was  of  meteoric  origin.  The  mass  of  iron  which 
JLdiflles  offered  as  a  prize  at  the  funeral  games  of  Patrodus, 
ind  which  had  been  carried  off  as  treasure  firom  the  palace  of 
ESetiony  is  described  as  troXop  ot/rovMovoy  (crude,  self-fused) ;  while 
bo  show  the  scarcity  of  iron  in  Uioee  times,  it  is  stated  that  this 
block  of  metal,  though  of  such  a  size  that  a  strong  man  could  hurl 
it  aome  distance,  would  prove  a  sufficient  supply  of  iron  for  five 
fean  to  the  winner,  and  render  unnecessary  a  journey  to  the  city 
for  the  purchase  of  that  metal.  Again,  among  the  prizes  for  the 
iichers  we  find,  in  addition  to  ten  two-edged  axes  and  ten  hatchets 
of  bronze,  loarra  aiSrfpov  as  material  for  arrow-heads.  This  is  not 
** crude,  self-molten"  (meteoric?)  iron,  but  forged  metal,  converted 
probably  on  the  surface  by  cementation  into  steel.  It  is  far  from 
improbable  that  in  early  times,  before  the  art  of  forging  iron  was 
known,  many  metallic  masses  of  meteoric  origin  lay  strewn  over  the 
then  known  surface  of  our  planet,  which,  as  their  adaptation  to  the 
useful  arts  became  known,  were  collected  and  turned  to  use,  as  was 
the  case  with  gold.  Yon  Haidinger  further  called  attention  to  the 
statement  in  Sir  John  Herschers  letter  that  the  latter  had  noticed 
these  references  to  the  early  use  of  iron  before  he  perused  the  former*s 
first  report  published  in  1864.     Herschel  remarks,  moreover,  that 

>  W.  Ton  Haidinger.    Mitt,  AtUhrop.  Getell.  Wien,  i.  no.  3,  63. 

*  W.  Ton  Haidinger.  Sitzutigtber,  Acad,  Wist,  TFitHy  1.  288.— In  this  pa^. 
Bin  vorhomeriseher  Fail  wm  swei  Meteoreitenmatsen  bei  Trqja,  Miller  called  attention 
bo  Iliad,  XT.  19.32 : 

19.  "AKfunms  (ira  96w 

31 fii^pout  VM,  Tpotp 

32.  KdfifioXoir  6^pa  w4\otTo  md  ivtroiiwoun  irv04<rBcuu 

Miller  remarking  that  these  lines  were  enclosed  in  brackets,  and  giTen  as  donbtfnl, 
applied  to  Babington,  who  wrote :  Iliad,  xt.  30.  Memorat  Eustathius  post  hone 
rennm  nonnullos  adscripeisse  hos  Tcrsos. 

Tlpiv  8rff  8^  akiriXvffa  wc^&ir  fi^povt  Viy)  Tpotjf 
KiBfidKor  S^pa  ireAoiro  ira2  itraofi^potiri  m^daOat' 
Adding  as  a  commentary :  Kal  S^ucwKro/,  (fnunv,  ^h  r&v  irtptnyvruy  ol  rotovroi  fi^poi, 
["  lumjM  of  this  kind  tney  say  are  pointed  out  by  the  Pengctae  "].  Eustathius  was 
Archbishop  of  Thessalonica,  and  died  in  11 98.  Moreover,  he  says  that  the  Periegetae 
called  them  "anvils  from  above  (fallen  from  heaven)."  Von' Uuidinger  points  to 
the  incomplete  character  of  the  passage  without  lines  31  and  32 : — 

Dann  dir  erst  lost'  ich  die  Fiisso,  die  Klumpen  aber  nach  Troja 
Warf  ich  hinab,  noch  spater  Geschlechtem  die  That  zu  verkiinden. 
He  also  allndcs  to  the  fact  that  two  iron  masses  fell  at  Braunau,  Bohemia,  and  two 
at  Cranbonme,  near  Melbourne,  Austraiia. 
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in  soutJi-eofit  Afriot  oousulerable  massea  of  nickel-irOD  have  been 
met  with,'  which  were  collected  and  worked  into  itupleioeatB  b;  the 
aborigiues,  when  thuy  lettroed  th«ir  value  bj  intercourae  with  Euro- 
peans. Further  inetances  where  iron  is  mentioned  are  to  bo  found 
in  Ifiad,  iv.  485,  and  Odifney,  i.  184.'  We  know  of  other  casM 
whefe  metcorio  iron  hoe  been  worked  into  implements ;  among 
which  may  be  menlioned  the  iron  of  Arva,  Sslanicza,  Hungary,  and 
that  composing  the  blades  of  the  Esquimaux  knives  dteoovered  in 
1819  by  General  Sir  Edward  Sabtue,'  which  ore  in  the  British 
Husenm  CoUecUou  of  Meteorites.     (See  also  pages  156-7], 

1628,  April  9th,  about  6  pm.— Chalowi  and  Barking,  neat 
Wantage,  Berkshire.' 
Mr.  Webb  directs  attention  to  a.  letter,  preser^-ed  in  Wallington'a 
m»loTieol  Notieet,  i.  13.  which  wna  writtt-n  in  1628  "  by  Mr.  John 
Hoskins,  dwelling  at  Wantage,  to  his  son-in-law,  Mr.  Dawson,  a  gun- 
Bmith,  dwelling  in  the  Minorioe  without  Aldgate,"  relating  to  the  fall 
of  meteorites,  DoBcribing  the  explosion,  Hoskins  says:  "  It  began  as 
followeth : — First,  as  it  were,  one  piece  of  ordnance  went  off  alone. 
Tlion.  after  that,  a  little  distance,  two  more;  and  then  they  went  as 
thick  as  over  I  heard  n  volley  of  shot  in  all  my  life ;  and  aflor  that, 

as  if  it  were  the  sound  of  a  drum Yet  this  wae  not  all ; 

but,  as  it  is  reported,  there  fell  diveia  stones,  bnt  two  is  cartwn  in. 
our  knowledge.  The  one  fell  at  Chnlows,  half  a  mile  off  (from 
Wantage),  and  fbe  other  at  Barking-,  live  miles  off.  Your  mother 
was  at  the  plaoe  where  one  of  them  fell  knee  deep,  till  it  oame  to 
the  very  rook,  and  when  it  oame  at  the  hard  rock  it  broke,  and  being 
weighed,  all  the  pieces  together,  they  weighed  six -and -twenty  pound. 
The  other  that  was  taken  up  at  the  other  place  (Barking)  weighed 
half  a  tod,  14  pound," 

1640,  Whit  Sunday,  about  Foon, — Antony,  near  Plymouth.* 
Among  the  tracts  and  broadsheets  which  the  authors  have  incor- 
porated in  their  valuable  catalogue  of  the  writings  of  Comishmen 
is  one  by  the  Rev.  Arthur  Bache  bearing  the  title,  "The  Yoyoe 
of  the  Lord  in  the  Temple ;  or  a  most  strange  and  wonderfull  Bela- 
tion  of  God's  great  Power,  Providence,  and  Mercy,  in  sending  very 
strange  sounds,  fires,  and  a  Fieij  Ball  into  the  Church  of  Anthony, 
neere  Plimmouth,  in  Cornwall,  on  Whit  Sunday  last,  1640.  To  the 
scorching  and  astonishment  of  fourteen  severtdl  persons  who  were 
smitten,  and  likewise  to  the  great  Terrour  of  all  the  other  people  - 
then  present,  being  about  200,"  eto.     This  little  pamphlet  is  chiefly 

<  0.  Bnchner.     Die  Fenemeteore.     Gifuen:  1359.     Paee  138. 

*  For  the  eailT  hiatory  of  iron  see  F.  X.  M.  Zippe.  Gold,  Eupfer,  Eisea.  M' 
manaeh  Akad.  mil.  Witn,  1858,  Anhsng,  136.— F.X.  M.  Zippe.  Guehiehlt  itr 
Xtialle.  Vienna,  1S57.— E-  Bncbbolz.  Die  Homerischen  Kealien.  Leipzig :  1871. 
(chapter  od  Mineratogj),  289-319. 

'  E.  SHbLne.     Qiarl.  Jour.  8e.,  vii.  79. 

'T.W.Webb,    mivrt,  Jviy  nth,  mo. 

'  G.  C.  Boaee  and  W.  P.  Coortoej.  Bibliothfea  ConuHtntU.  London :  Long- 
mam,  1874. 
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demoted  to  harrowing  desoriptioiis  of  ''divers  hurts"  received  by 
the  oongregation.  One  man,  in  recording  his  experiences,  stated 
that  he  heard  "  as  it  were  the  hissing  of  a  great  shot."  It  is  not 
iiqwobftble  that  this  phenomenon  was  caused  by  lightning. 

^Tb  i$  mmimmd  m  mtr  mtxt  NumkmrJ 


IT. — OV   THE  OCOUBBSNOE   OF  BOBING  MoLLUSCA   IM   THE  OOLITIG 

BOGKS.^ 

By  Prof.  J.  MoBais,  F.G.S. 

THE  occurrence  of  perforations  due  to  Lithophagous  moUusca  has 
been  frequently  observed  in  the  Oojitic  rocks,  viz.  in  the  In- 
Ferior  and  Great  Oolite,  Oombrash,  Cond-rag,  and  Portland  beds. 
Daring  a  recent  visit,  with  some  of  the  students  of  the  Agricultural 
College,  Cirencester,  to  a  quarry  near  there,  further  evidence  of  a 
ainiilar  fact  was  obtained.  The  quarry  is  situated  near  the  canal  on 
khe  farm  land  of  Mr.  Sargeant,  and  has  been  long  worked  for  road 
stone  and  building  stone,  and,  according  to  the  Geological  Survey, 
belongs  to  the  Forest  Marble  division  of  the  Great  Oolite  series,  and 
exhibits  the  structure  known  as  ''  false-bedding  or  oblique  lamination," 
and  occasionally  the  flagstones  in  this  and  other  neighbouring  quarries 
Bhow  ripple-marks  and  tracks  of  marine  animals. 

In  looking  for  fossils,  two  or  three  perforated  nodules  were  ob- 
served on  the  surface  of  the  ground,  and  seeing  that  this  district  is 
generally  free  from  foreign  or  transported  pebbles,  it  naturally 
occurred  that  they  had  been  exposed  and  thrown  aside  and  left 
during  the  working  of  the  quarry;  upon  examination  of  the 
section  then  open,  the  nodules  appeared  to  occupy  the  position 
shown  in  the  following  section.  A  portion  of  the  upper  surface  has 
been  removed,  and  the  following  is  a  general  account  of  the  section 
seen  in  the  quarry  in  descending  order : — Rubbly  limestone,  about 
four  feet;  brown  shaley  clay,  with  thin  calcareous  shaley  bands, 
slightly  oolitic,  full  of  oysters,  0.  Sowerhyi,  of  different  sizes,  more 
or  less  broken,  and  other  fossils.  At  the  level  of  this  bed  in  one 
part  of  the  quarry  were  the  nodules,  round  or  lenticular  in  shape,  of  a 
fine,  compact,  highly  calcareous  and  ferruginous  claystone,  or  indurated 
marl,  of  light  brown  colour,  both  the  under,  lateral  and  upper  sur- 
faces of  which  have  been  perforated  by  some  boring  mollusc,  as 
Lithodomus  or  Gastrochoena ;  the  holes  are  pear-shaped,  and  are 
found  all  round  the  margin  of  the  nodules,  and  are  filled  either  with 
a  yellowish  brown  mud  with  some  oolite  grains,  due  to  subsequent 
infiltration,  or  with  crystallized  calcite ;  in  some  cases  the  shells  of 
the  mollusc  have  been  preserved.  Besides  the  perforations,  the 
surfaces  of  many  of  the  nodules  are  covered  with  attached  valves  of 
oysters  and  a  carinated  Serpuluj  the  interspaces,  as  well  as  the  valves 
of  the  oysters,  being  incrusted  with  a  delicate  species  belonging  to 
the  Polyzoa,  probably  a  Berenicea  or  Diastopora ;  the  thickness  of 
this  bed  is  about  three  feet.     The  nodules  are  coated  with  similar 

'  Abstracted  and  revised  by  the  author  from  the  Agricultural  Studenta  G«.'i.^t^^ 
April,  1876. 
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apecies  of  Potyzoa  and  of  Strjnda,  to  tlioee  which  iDornst  thA  i 
neporate  plates  and  joints  of  the  ApiocTtnus  rotundut,  which  occur 
in  the  Bradford-day  at  Bradford,  Wiltshire.'  Coarse  ehellj  lime- 
el  ones,  more  or  less  irregular  and  false-bedded,  with  partings 
of  clay  full  of  fossils;  among  the  most  common  are  Terebraluia 
digona.  Livta  cardiiforra\»,  PecUn  vagant,  Modiola  imbrieata,  Ottrea 
Marshii,  0.  Sotnerbgi,  Trigonia,  Corhala,  Nucala,  Area,  Serpala, 
Spines  and  plates  of  Echini  {Acrosalenia  and  Cidaris),  Corals  (viade- 
pkyllia  Babeatta),  Bhynehonella  media,  Cerilhiam,  Cj/Uiidrilet,  Nucala, 
and  fragments  of  wood. 

Below  is  a  laminated  grey  and  brown  olay  with  shells,  overlying 
ft  thick -bedded,  hard,  grey,  fine-gniitied  rock,  destitute  of  fossils,  a 
highly  silioeons  and  calcareous  rock,  with  thin  flagstones  in  the 
middle ;  the  rock  ie  used  for  road  stone. 

Professor  Church  has  kindly  examined  this  stone,  which,  when 
perfectly  dry,  was  foimd  to  contain  39  per  cent,  of  silica. 

The  perforated  nodules  above  mentioned  evidently  show  a  change 
of  condition  from  tho  underlying  bed,  and  probably  infer  not  very 
deep  water,  in  which  a  partially  hardened  mud  was  broken  up  into 
separate  pieces  which  were  subsequently  perforated  by  the  Litho- 
domouB  mollusc.  Some  movement  must  have  taken  place  in  their 
position,  for  it  is  obeerved  that  both  the  upper  and  under  anrfaces 
are  equally  bored  and  the  sides  also  :  rarely  do  the  borings  interfere 
with  each  other,  and  they  are  generally  of  a  uniform  size  about  an 
inch  deep  ;  fiii-ther  evidence  of  comparatively  ijuiet  conditions  is 
exhibited  not  only  in  the  perforations,  but  in  the  surfaces  of  the 
nodules  being  frequently  more  or  less  oovered  by  the  attached  valve 
of  oysters  and  a  carinated  Serpula,  as  well  as  incrusted  witli  a 
species  of  Diatlopora  or  Berenicea,  showing  a  period  of  repose 
between  the  underlying  and  overlying  strata,  in  which  the  false- 
bedding  is  seen.*  Similar  perforated  pebbles  have  been  observed  in 
the  cutting  of  the  Oolite  on  the  Bailway,  near  Long  Handboroogh, 
Oxfordshire. 

Prof  Fhillips,  in  describing  the  section  of  the  ^^^  old  quarry 
opened  on  the  west  side  of  the  Cherwell,  at  Enslow  Bridge,  shows 
that  immediately  below  the  strata  referred  to,  the  Forest  Marble,  is  a 
white  and  partly  compact  Oolite  in  three  or  four  beds,  the  top  being 
fermginous,  often  oovered  by  Oysters,  and  driUed  by  LOhodomi.* 

The  Rev.  H.  Jelly  mentions,  that  "  in  the  superior  membera  of  the 
Qreat  Oolite  formation  in  the  neighbourhood  of  Bath  there  occur 
masses,  sometimes  of  oonsiderable  size,  of  Aatr^a,  perforated  most 

Sea  fig.  338,  y.  330,  Ljell,  EJemeots  of  Geology,  1874. 
Sir  C.  I.Tcll,  in  slluding  to  the  Crinoidal  ptatea  st  Bra 
Strpula   and  Polytoa,  Bays,  "  Now  there  Sirpulit  could  only  have  b™™  to  grow 


*  Sir  C.  I.Tcll,  in  slluding  to  the  Crinoidal  ptatea  st  Bradford,  OTer^rown  with 

Tpula   and  Polytoa,  Bays,  "  Now  these  Sirpulit  could  only  have  b™™  to  grow 

after  the  death  of  some  of  tbe  etone-liliea,  parti  of  whose  skeletoiu  bad  be«a  itiewed 


ir  the  Boor  of  the  oceui  before  the, irruption  of  argillao 
itances  we  find  that,  after  the  parsiitic  Stiyala  were  full  grown,  tbey  bad  been  in- 
cnuted  orer  with  a  polyzoaa,  called  Biailopora  diluviana  ;  and  many  gennratioDa  of 
these  moUnscoida  had  aucceeded  each  other  in  the  pore  water  before  the;  became 
fosail  I     (Elements  of  Geology,  1874.  p.  330.} 
'  (7so/oj7  of  Oiford  sod  the  TalleT  of  theThonua,  1871. 
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profusely  by  several  species  of  lAthodomi,^*  The  cavities  formed  in 
the  coral  by  the  lAihodomi,  and  frequently  their  unoccupied  shellsi 
contained  one,  two,  or  even  as  many  as  three  double  valves  of  Modiola 
envelomn^  one  another.^ 

Mr.  Midi  *  mentions  that,  near  Burford,  the  upper  rock  bed  (Qreat 
Oolite)  is  frequently  pierced  by  Lithodomi,  and  affords  evidence  of 
having  been  consolidated  contemporaneously  with  its  deposition. 
Occasionally  we  find  beds  of  conglomerate,  formed  by  waterwom 
fragmenta  of  the  underlying  limestone,  loosely  heaped  together,  as  if 
they  had  been  broken  up  by  a  storm,  dashed  about,  and  then  retained 
in  their  places  by  the  rapid  formation  of  new  calcareous  matter. 
Again,  on  the  west  side  of  the  valley  of  the  Chum,  the  upper  white 
limestone  is  pierced  by  Lithodomi,  and  contains  sandy  druses  in 
which  Echini  and  other  fossils  frequently  lie  concealed ;  it  forms  a 
marked  geological  horizon,  the  only  one  which  offers  a  line  of  de- 
marcation between  the  Great  Oolite  and  Forest  Marble. 

Mr.  Lycett  thus  describes  '  the  section  of  the  quarry  at  Minchin- 
hampton  Common,  in  descending  order : — Planking,  a  shelly  coarse 
oolite  limestone,  10  feet;  soft,  thin-bedded,  rubbly  calcareous  oolite, 
10  feet ;  oven-stone,  soft  yellowish  oolite,  shelly,  the  testacea  being 
arranged  in  layers  which  assume  every  kind  of  inclination ;  numerotu 
kole$,  hored  by  lAthodomi,  pervade  it,  6  feet;  weather-stone,  grey- 
ish brown  oolitic  shelly  limestone;  basement  bed,  a  brown  and 
bkie  band,  6  feet ;  argillaceous  limestone,  full  of  oysters,  4  inches. 
Mr.  Lycett  ^  also  observes  that  "  it  is  a  common  occurrence  to  find 
isolated  pebbles  of  hard  calcareous  freestone  in  the  shelly  beds  of 
the  formation ;  but  at  the  Hyde,  one  mile  from  Minohinbampton,  a 
small  road-side  section  discloses  conglomerate  of  the  Great  Oolite ; 
the  rolled  calcareous  hard  pebbles  having  a  matrix  of  fine-grained 
limestone." 

M.  Eug^e  Deslongchamps  ^  describes  a  section  at  Lion-sur-Mer 
(Calvados)  as  follows  : — 

Oxford  Clay,  four  metres. 

Great  Oolite,  with  many  Gasteropods  and  Lamellibranchs  (Lang- 
rune  beds),  upper  surface  hard  and  perforated  (chien  superieur),* 
15  metres. 

Marly  limestone,  full  of  Polyzoa,  with  Ter.  digona,  T,  cardium 
(Caillasee  of  Kanville),  six  metres. 

Banville  building  stone,  a  little  oolitic,  surface  hard  and  perforated 
(chien  inferieur),  15  metres. 

Caen  limestone,  representing  the  Fullers-earth,  surface  hard  and 
perforated,  20  metres. 

>  Maf.  Nat.  HiBt.  1839,  p.  551. 

'  HuU,  Geology  of  Country  aroimd  Cheltenham,  pp.  64,  65;  Mem.  Geol. 
Biirvey,   1857. 

>  Lycett,  The  Cottevwold  Hills,  1857,  p.  93. 
«  Lycett,  ibid.  p.  99. 

*  £.  Dcslongchamps,  Notes  poar  senrir  il  la  Geologic  du  Calvados,  Caen,  1863. 
Bull,  de  la  Soc.  Linn,  de  Normandie,  yol.  yii. 

•  The  workmen  of  Ranville  give  the  name  of  chien  to  these  hard  and  perforated 
surfaces,  in  allusion  to  the  hardness  of  these  hands.  Dur  comme  du  chien  is  a  Nor- 
mandy expression  which  indicates  an  extreme  degree  of  compactness. 


'  ■     270  Prof.  Morris — Boring  MoUueca  in  Oolites. 


1 


Marly  heU  nt  linse.  about  one  metre. 

In  a  qiiarry  at  Fresntty-la-M^re  is  the  following  section 

Caen  limestone,  with  Bki/nchonella  apinoia,  two  metres. 

Limestone,  hard  and  a  little  Biliceous,  very  fossil iferoua,  upper 
part  with  Pecttn  romem,  lower  part  with  Ammonitet  Parhintoni,  A. 
Niorlenais,  Ter.  aphi^roidolia,  Ter.  Phillipeii,  Ancytoceraa  aaniilalut, 
upper  surface  worn  and  per/orated,  one  metre. 

Yellowish  limestone  (sometimes  sandy)  with  Phofadomya  fidiaiia, 
Ter.  pcrooatit,  upper  surface  worn  and  perfoTated,  60  contimetras. 

Yellow  clay,  no  fossils,  10  centimetres. 

Marly  UmoBtone,  many  fosails,  Pccten  <squit>aJm$,  20  centimetres. 

Yellowish,  marly,  sandy  limestone,  Bel.  niger,  Pecten  tetptivaMi, 
Bhynchonella  Mraltedra,  Terehratula  punctata,  IJ  metres. 

Conglomerate  more  or  lees  sanity,  2  metres. 

Yellowish  clay,  with  pebbles,  Iialf-metre. 

PaJseozoic  rocks,  much  eroded, 

The  Inferior  Oolite  also  presents  evidences  of  lithophagons  per- 
forations. Mr.  Hull  states,  that  the  beds  which  rest  immediately  on 
the  Pea-grit  are  generally  sandy  and  ferruginous.  Tfiey  are  fre- 
quently pierced  by  lAlhodotnvg  atteTtaatvi  (Lycett),  and  are  filled 
with  spines  and  plates  of  Kchini,  Corals,  and  Peatacnaito  stems. 
The  beds  above  these  tind  below  the  Oolite  Marl  are  considered 
most  valuable  as  a  building  material.  They  present  obli(juely~ 
laminated  struoture  very  frequently,  remarkable  examples  of  whidu 
are  exhibited  in  one  of  the  quarries  at  the  north  side  of  the  Cleev& 
Cloud,  and  at  Frocester  Hill.* 

At  Cleeve  Cloud  the  Kogstone  (Upper  Inferior  Oolite)  contains 
a  bed  of  yellow  siliceous  sand  at  or  near  the  base,  which  may  also  b» 
observed  in  a  quarry  near  the  Tower,  at  Broadway  Hill. 

Mr.  Lycett  mentions  that  at  Scar  Hill,  near  Nailsworth,  below  th» 
Tipper  liagstonee  there  is  a  bod  of  compact  oolite,  bored  everywher» 
by  small  vertical  tubes  of  marine  annelida.' 

Sir  H.  de  la  Beohe,'  in  describing  the  district  around  Whatley, 
Nunney  and  the  Vallis  Vale,  states,  "  Not  only  is  a  large  portion  of" 
the  area,  wherein  the  Inferior  Oolite  is  seen  to  rest  on  the  Carboni- 
ferous limestones,  observed  to  have  presented  a  marked  even  eurfaoe^ 
viewed  on  the  large  scale,  for  the  deposit  of  the  former,  but,  throogh- 
out,  this  surface  has  been  drilled  into  liolet  by  lilhodomotu  aiunial*, 
which  must  have  existed  in  the  seas  at  the  commencement  of  the 
Inferior  Oolite.  The  holes  which  were  observed  by  Professor  John. 
Phillips,  in  1629,  are  of  two  kinds,  one  long,  slender,  and  oflen 
sinuous,  extending  several  inches  into  the  Carboniferous  limestone, 
the  other  entering  that  rock  a  short  distance  only.  In  the  former  we 
find  no  traces  of  shells,  is  the  latter  we  often  discover  them,  in  the 
situations  in  which  they  lived.  In  both  holes  we  find  the  matter  of 
the  Inferior  Oolite,  which  entered  them  from  above  at  the  time  of  its 

'  Detlongchamp*,  Hid.  p.  19,  pi.  2. 

<  null,  Hemoira,  p.  37.     Hull,  itid.  p.  iB. 

>  Ljcett,  The  CotUawoM  Hills,  p.  19. 

*  Hemoin  of  tlie  Oeologicsl  Burvey,  1846,  vol.  i.  p.  289. 
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deposit.  In  some  places  the  shells  of  oysters  may  be  observed  at- 
tadied  to  the  smrfaoe  of  the  Carboniferous  limestone  on  which  the 
oysters  lived,  and  these  are  occasionally  pierced  through  by  the 
boierSy  which  found  such  shells  remaining  on  the  rocks  after  the 
animals  which  had  constructed  them  had  died,  as  wo  now  observe 
on  many  sea-coasts."  Further^  we  ''have  direct  evidence  that  in 
some  places,  after  a  certain  amount  of  accumulation  and  a  bed  had 
been  formed,  there  was  a  state  of  repose,  for  in  the  upper  part  of 
some  beds  of  the  Inferior  Oolite,  succeeding  each  other,  the  surface 
has  been  bored  by  the  same  lithodomous  animals  which  pierced  the 
surface  of  the  subjacent  Carboniferous  limestone  or  Lias  conglomerate, 
as  the  case  may  be.  The  fact  is,  doubtless,  somewhat  general  in  this 
part  of  the  district,  and  is  valuable,  not  only  as  showing  the  repose 
between  the  accumulations  constituting  the  different  beds,  each  in 
succession  being  suificiently  consolidated  to  permit  the  boring 
animals  to  establish  themselves  on  its  upper  surface,  but  also  as 
pointing  to  the  probable  consolidation  of  many  a  bed  in  other  parts 
of  the  Oolite  series,  prior  to  the  deposition  of  another  above  it,  where 
this  kind  of  evidence  cannot  be  adduced." 

With  regard  to  the  fiedse-bedding,  one  of  the  characteristic  features 
of  the  Forest  Marble,  and  one  by  which  it  may  be  contrasted  with 
the  beds  of  the  upper  zone  of  the  Great  Oolite,  showing  a  marked 
change  in  the  nature  of  marine  conditions,  coincident  with  the 
introduction  of  this  formation,'  De  la  Beche  remarks,'  "  The  beds 
known  as  the  Forest  Marble  frequently  exhibit  a  minor  mixture  of 
fine  detritus ;  probably  thrown  down  from  mechanical  suspension, 
with  broken  shells,  fish  palates,  broken  pieces  of  wood,  and  oolitic 
grains,  sometimes  strewed  horizontally,  but  very  frequently  in  a 
diagonal  manner,  showing  the  sweeping  of  loose  materials  on  the 
bottom  into  a  minor  depression.  Sometimes  the  sandstone  is  marked 
by  ripple  or  friction  ridges  and  furrows,  and  crossed  by  the  tracks 
of  marine  animals  which  had  crawled  over  the  surface,  one  surface 
beneath  the  other  at  short  depths,  so  that  we  have  the  markings  of 
sea-bottom  over  sea-bottom.  Such  false-bedded  accumulations  of 
shells  and  grains  of  oolite  with  drifted  pieces  of  coral,  are  not 
uncommon  in  other  parts  of  the  Oolitic  series,  being  observable  in 
the  Great  Oolite  about  Bath,  in  the  Inferior  Oolite  of  some  localities, 
and  in  other  parts  of  the  series,  which  exhibits,  as  a  whole,  many 
minor  alterations  of  sea-bottom,  a  large  proportion  of  the  limestones 
being  composed  of  the  hard  parts  of  marine  animals,  a  character 
wherein  they  differ  very  materially  from  the  Lias  limestones." 

Brief  as  the  above  remarks  are,  it  may  be  observed  that  there  are 
many  points  of  geological  interest  to  be  studied  in  the  quarries  around 
Cirencester,  with  regard  to  the  physical  and  organic  conditions  under 
which  the  various  strata  were  accumulated,  the  clay-beds  due  to  fine 
mud  thrown  down  from  mechanical  suspension,  the  sands  to  the 
drift  of  heavier  detrital  matter,  and  the  limestones  to  the  accumula- 
tions of  shells,  oolitic  grains  and  corals  (sometimes  seen  as  coral 

»  De  la  Beche,  ibid.  p.  291.  »  Hull,  Memoir,  ibid.  p.  72. 

'  De  la  Beche,  Memoir,  ibid.  p.  285. 
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iwfB),  with  fragments  of  drift-wood  from  somo  distant  land,  i 
times  bored,  or  covered  with  ottnclied  ■vRlvea  of  oystota.  Ilpre,  too, 
the  surface  features  have  been  variouely  modified,  partly  by  faults, 
but  inoslly  by  denudation,  by  which  diEfereut  layers  of  the  oolitic 
strata  have  been  exposed,  bo  aa  to  modify  the  nature  of  tbe  soils 
according  to  the  chniaoter  of  the  rocks  from  which  they  have  been 
derived,  for  there  is  little  evidence  of  foreign  detrital  matter  (ex- 
cept in  one  or  two  casos)  being  spread  over  the  land  or  remaining  in 
tiuB  DoighbourUood. 

^SrOTICES     OF     l£E!lCOIE.S. 

I, NoTB  OS  THE  TRANBmOTT  TBOM  CABBOHtPKBOtrB  TO   FebMUH. 

Conirauiucakd  by  Counl  A.  Q.  too  Mjeschail,  F.C.G.8.,  ate.' 

IN  Spitv.borgen  the  late  Gorman  Expedition  obtained  the  following 
fosBila  from  Horn  Sound,  on  the  soulh-weat  coast: — 

1.  Spiri/erina  SoiftriaiiM,  sp.  n. 

2.  Soiri/er  mituki,  Toula. 
„      ifn'alu,  Martin  F 
„       lintatm,  Martin,  tip. 
„        .  1U.  tlUptica,  Sow.  P 

mnropkaria  «nH«»ia,  Martin,  sp. 
.  Frvdueliu  Wtgpmkti,  Tonls. 

,  «p.  [eomp.  P.  PrallmiaHia,  Norwood). 

,  wialiu,  Defr.  T 

,  TTilathi,  ap.  n. 

,  lougiipinua.  Sow, 

,  SpiiMbergianutj  sp.  n- 

„  {StrdpluiloMia)  Caneritii,  M.     Vorll.  and  K. 

14.  StropXalmia  Liplayi,  Can. 

15.  Chauttt  VtmiuiiiaHa,  Korw.  and  Pratteu ;  T*T.  nor. 

16.  „         ffranuli/era.  Sow. 

17.  „        »p-  ind. 

18.  Ficleii  {A^euitptettn)  Wiltaln,  ap.  n. 

With  &e  exception  of  one  species,  the  individnala  are  all  of  amall 
size.  Some  are  gennine  Caroont/«roui  species,  and  some  genuine 
Permain  ;  and  they  appear  to  be  transitional  from  the  Carboniferous 
limestones  to  the  Zechstein ;  all  occurring  in  a  well -determined 
group  of  strata;  but  some,  characteristic  elsewhere  of  one  or  other 
of  the  above-mentioned  formations,  being  found  occasionally  in  the 
same  hand-specimen,  as  PtoAucIm  loagtpinat  and  Strophalo»ia  Canerim. 
This  circumstance  may  be  regarded  as  corroborative  of  the  gradual 
passage  from  the  Carboniferous  fo  the  Permian,  as  held  by  Prof. 
Qeinitz  for  Nebraska,  and  by  Dr.  G.  Stache  for  the  southern  Alpa 

n. — ^Thi  Qmloot  or  thk  Bukhibt  Ooal-iikld. 

THIS  work,  which  is  one  of  the  recently  published  Memoirs  of  the 
Geological  Survey  of  England  and  Wales,  includea  a  description 
of    the    country    around    Clitheroe,    Blackburn,    Preston,   ChorlOT, 
Haslingdcn,  and  Todmordeo,  and  explains  Quarter- sheets  88  N.W., 
89  N.E.,  and  92  S.W.  of  the  One-inch  Geological  Map.     It  is  by 
1  From  tbe  Proceed.  Imp.  And.  Bai.  Vieam,  Jane,  1871,  toI.  Uz.  p.  133. 
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EVofeflflor  Hall  and  Messrs.  Dakyus,  Tiddeman,  Ward,  Ounn,  and  De 
Sanoe. 

The  work  contains  a  description  of  the  physical  features  of  the 
listrict,  a  detailed  account  of  the  Carboniferous  rocks  along  the 
Kibble  Valley,  special  accounts  of  the  Burnley  and  Chorley  Coal- 
fields, with  notices  of  the  Permian  and  Triassic  rocks,  of  the  Glacial 
ind  Post-Qlacial  Drifts,  Igneous  rocks,  minerals,  etc.  There  is  also 
in  extensive  catalogue  of  the  fossils  from  the  Carboniferous  rocks, 
prepared  by  Mr.  Etheridge,  and  a  list  of  works  and  papers  relating 
to  the  geology  of  Lancashire  and  some  parts  of  the  adjacent  country, 
by  Messrs.  Whitaker  and  Tiddeman. 


Gkological  Socibty  of  London. — L — April  14th,  1875. — John 
Evans,  Esq.,  F.R.S.,  V.P.R.S.,  President,  in  the  Chair.-— The  foUow- 
ing  communications  were  read  : — 

1.  "Descriptions  of  New  Corals  from  the  Carboniferous  Lime- 
stone of  Scotland."     By  James  Thomson,  Esq.,  F.G.S. 

Id  this  paper  the  author  described  some  forms  of  corals  from  the 

Carboniferous  Limestone   of  Scotland*  which  he   regards  as  new 

species,  and  as  belonging  to  three  new  genera  allied  to  CUstophyllum. 

In  the  group  which  he  names  Bhodophyllum  the  calice  is  circular  and 

shallow ;  the  epitheca  thin  and  smooth ;  the  septa  thin  and  numer- 

008 ;  and  the  columellar  boss  dome-shaped,  slightly  raised  above  the 

inner  margin  of  the  primary  septa,  and  elapsed  by  subconvoluti^ 

ridges.     The  species  referred  to  this  genus  are  Rhodophyllum   Craig- 

ianum,  R.  Slimonianum,  R,  PhilUpsianum,  R,  Argyliannm,  B,  reticn- 

latum,  and  R,  ellipttcum.      Aspidtophyllum  has  the  calice  generally 

circular,  shallow  ;  the  septa  fonning  thin  laminoD  for  about  half  their 

length  from  within,  when  they  become  flexuons,  and  the  columellar 

boss  promient   and    helmet-shaped.      The  species   are   named   A. 

Koninckianum,  A.  Huxleyanum,  A,  cruciformcy  A,  elegans,  A.  Ilennedii, 

A.Danaiy  A.  dendrophylium,  A.  ellipticum,  A.  Pageiy  A.  scoticumy  and 

-4.  laxum.     The  third  genus,  Kumatiophyllumy  is  most  nearly  allied 

in  Bhodophyliumy  but  has  the  columellar  space  slightly  raised  above 

the  inner  margin  of  the  primary  septa,  and  crowned  by  bending  or 

Wavy  lamellse,  some  of  which  pass  over  the  central  space  in  sinuous 

folds,    llie  species  are  described  under  the  names  of  R.  concentricum, 

davatumy  Tyleranumy  intermediumy  eUipiicumy  Ramsayanuniy  Yovngianum, 

Sarknessianumy  lamellifoHumy  hipartituniy  octolamellosumy  I/aiviianumy 

^wardsianuniy  and  Davidaonianum,    In  a  8})ecimen  of  Aspidiophylluin 

Uuxleyanum  the  author  noticed  in  the  open  interseptal  space  a  small 

tube,  4  lines  long,  around  the  inner  margin  of  which  there  was  a 

group  of  oval  bodies,  which,  from  their  close  proximity  to  the  inner 

^JWurgin  of  the  primary  septa  and  their  form,  ho  is  inclined  to  think 

^y  be  ova. 

2.  "  On  the  Probable  Existence  of  a  Considerable  Fault  in  the  Lias 
near  Rugby,  and  of  a  New  Outlier  of  tlie  Oolite."  By  J.  M.  Wilson, 
%,  M.A.,  F.G.S. 

J>*UD1  II. — VOL.  U.—NO,    ri,  \^ 
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The  anthor  oalleJ  attention  to  what  appeared  to  lum  to  be  a  great 
fault  in  the  Lower  Lias  at  the  village  of  Low  Morton,  near  Rugby, 
where  a  sanilpit  is  worked  against  the  face  of  a  steep  hill  to  a  depth 
of  nearly  50  feet.  The  saod  in  the  valley,  as  proved  by  wells  snd 
borings,  ie  of  great  depth.  Above  tfae  sandpit  is  a  claypit,  and  the 
author  stated  that  the  clay  is  bounded  towards  the  sand  by  a  highly 
inolined  face  of  clay,  agninst  which  the  sand  is  thrown.  This  face 
of  clay  can  be  clearly  traced  for  a  diatasco  of  more  than  half  a  mile, 
running  in  a  S.E.  and  N.W,  direotion.  K  continued  to  the  8.E,,  it 
would  pass  close  by  Kilsby  Tunnel,  the  difBcultice  met  with  in  the 
conetniction  of  which  may  have  been  due  in  part  to  a  continuation 
of  the  fault ;  whilst  if  continued  to  the  N.W.,  it  would  coincide 
generally  with  the  valley  of  the  Clifton  Brook,  the  bed  of  which  is 
also  occupied  by  a  great  depth  of  sand.  The  line  of  fault  thus  passes 
between  Kugby  and  Brownsover,  and  tie  author  suggests  that  it  is 
the  cause  of  the  presence  on  the  enmniit  of  the  Brownsover  platean 
of  ao  extensive  oolitic  mn^s  of  StonesfieId-slat«  character.  The  line 
of  fault  continued  further  would  oonnect  with  the  Atherstone  and 
Nuneaton  fault,  and  agree  with  this  in  having  its  downthrow  on  the 
N.E.  side. 

3.  "  On  a  Labyrinthodont  from  the  Coal-measures."  By  J.  M. 
Wilson,  Esq.,  M.A.,  F.Q.S. 

The  fossil  referred  to  in  ibie  paper  m^bs  &om  the  Leinstsr  Coai- 
measnres,  and  was  regarded  as  probably  belonging  to  the  geDus 
Serateri/plon  of  Prof.  Uiisley.  alllioiigh  the  outer  posterior  angles 
of  the  skull  do  not  appear  te  have  been  jirolonged  into  cornua. 

4.  "  On  Cruziana  semip/tcala."  By  J.  L.  Tupper,  Esq.  Com- 
municated by  J.  M.  Wilson,  Esq.,  M.A.,  F.Q.S. 

In  this  paper  the  author  gave  a  detailed  description  of  a  slab  of 
unknown  origin,  but  said  to  have  been  obtained  from  a  workman  at 
Bangor,  containing  several  specimens  of  the  fossil  described  by  Salter 
under  tfae  name  of  Uraiiana  temiplicata.  The  author  discussed  the 
charactorH  presented  by  the  fossil,  the  mode  of  crossing  of  those 
specimens  which  crossed  each  other  in  the  slab,  and  especially  the 
structure  shown  where  a  transverse  section  of  the  foesil  was  to  be 
seen,  in  which,  when  perfect,  it  waa  clearly  of  an  elongate  elliptical 
form,  with  a  cortical  or  external  layer  inclosing  a  medullary  portion 
of  lighter  colour.  From  his  examination  of  the  specimen  the  author 
seemed  inclined  te  ascribe  to  Oujttana  an  animal  origin,  and  to  re- 
gard it  rather  as  fossilized  animal  structure  than  as  a  cast  of  the  truck 
left  by  the  feet  of  some  animal  parsing  over  the  surface  of  the  sand. 

The  following  letter  was  read  from  A.  Irving,  Esq.",  F.G.S.,  dated 
High  School,  Nottingham,  April  8th,  1876  :— 

"  There  is  at  the  present  time  a  very  interesting  section  of  Rhntio 
beds  and  Bouider-olay  exposed  in  the  cutting  of  a  new  railway  which 
is  in  process  of  oonstruction  from  Melton  Mowbray  to  Nottingbain. 
The  distance  of  it  from  the  latter  plaoe  is  between  five  and  six  miles- 
In  some  places  extensive  erosion  has  taken  place  of  the  Paper  Shalrt 
of  the  Rha'tic  series ;  in  others  they  are  much  oontorted  ;  in  othen,  j 
again,  the  material  of  these  Bholes  appears  to  have  been  broken  npi    I 
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almoat  pulverized,  and  redeposited  among  the  drifted  materiala.  The 
bonlden  vary  in  sine  from  tliat  of  a  man's  fist  to  two  or  thru  time* 
that  of  a  man's  head,  and  are  nearly  all  compoaed  of  rounded  and 
■nbangnlar  maeaea  of  Liaa  limeatone ;  man;  of  tliem  are  diatinotlj 
■triatod  with  the  ice-markings  so  familiar  to  geologists.  Large  and 
mall  qaartzose  pebbles  are  extremely  common,  derived,  in  all  prob- 
ability, from  the  denodation'of  tbe  Bunter,  farther  north  by  a  very 
few  tailea.  There  ia  also  mnch  rotten  Marlstone  from  the  Middle  Lioa, 
and  a  great  quantity  of  re-deposited  red  Keuper  marl.  A  few  large 
boalderg  of  Carboniferous  limestone  are  contained  in  the  medley 
masa;  and  a  ftagment  of  Coal-measure  Sandstone  has  also  been 
found  containing  the  most  distinct  impression  of  a  specimen  of 
Stigmatia,  with  rootlets  attached :  this  is  now  in  the  possession  of 
Sir.  Parry,  tbe  engineer  of  the  line.  For  some  portion  of  tbe  slope 
of  the  hill  the  Bonlder-elay  forms  tbe  surface  of  tbe  ground,  and  it 
capa  the  whole  of  the  hill  which  lies  between  Plnmtre  and  Stanton- 
on-tbe- Wolds,  though  it  is  here  covered  by  several  feet  of  drift-marl, 
free  from  pebbles  and  boulders,  and  evidently  derived  from  the 
Kenper  formation,  whose  outcrop  occupies  a  laige  area  of  tbe  ground 
in  the  neighbourhood.  At  tbe  shaft  the  Boulder-clay  is  70  feet  Ihick. 
In  some  places  the  Paper  Shales  have  been  eroded  quite  through,  so 
that  the  Boulder-clay  rests  immediately  u]«n  iKe  lower  grey  marls 
of  the  Itbstie,  whiii  are  very  regular,  nncL  hnve  tbe  same  thickiieas 
(10  to  15  feet)  here  which  they  have  in  otlier  sectious  in  this  country. 

"  I  have  thought  it  right  to  send  the  SociLty  this  brief  oonimuni- 
cation,  though  several  months  must  elapse  before  the  railwny  will 
be  lowered  to  its  proper  level.  When  tliis  ia  done,  wo  shall  got  a 
•ection,  I  hope,  second  only  to  that  .it  West  bui-y- on -Severn." 

U,— April  28,  1875— John  Evans,  Esq.,  V.P.R.S.,  President,  io 
the  Chair. — The  following  communications  were  read  ; — 

1.  "On  Stagonohpia  RoherUoni,  and  on  the  Evolution  of  the 
Crocodilia."     By  Prof.  T.  H.  Huxley,  Sec  B.S..  F.G.S. 

After  referring  to  bis  pnper  rtad  l)«i[.>re  the  Society  in  1858,  the 
author  stated  that  he  hiul  since  obluined,  tliroufrb  the  Itev.  Dt. 
Gordon  of  Bimie,  and  Mr.  Grant  of  Lossiemouth,  further  materials, 
wbicb  served  at  once  to  confirm  the  opinion  then  expressed  by  him, 
and  to  complete  our  knowledge  of  Stagonolepia.  Ibe  reniaina 
hitherto  procured  consist  of  the  dermal  scutes,  vertobne  of  the 
cervical,  thoracic,  lumlisr,  sacral  and  caudal  regions,  ribs,  ]>art 
of  tiie  skull  and  the  teeth,  the  scapuLi,  conicoid  and  intercavicle, 
tbe  humerus,  and  probably  the  railius.  the  ilium,  ischium  and  ])uhia, 
the  femur,  and  probably  tbe  tibia,  and  two  metacarpal  .ir  metafcirnal 
bgiies.  The  remains  procured  euiifinn  the  determinations  given  by 
tbe  author  in  liis  former  ]iaper,  except  that  the  mandible  with  long 
cur\-ed  teeth  tliei^in  Buiipisilitiouiily  referred  to  Stagoiio/epii  proves 
not  to  belong  to  that,  animal. 

From  the  extant  evidence  it  oppoare  that  in  outward  form  Slago- 
%o!tj,it  resembled  one  of  tbe  existiiij;  Ciiimims  of  intertropical 
America,  except  that  it  pussossed  a  long  narrow  skull,  like  that  of  " 
Caviol.     Tbe  dermal  scutes  formed  a  dorsal  and  NcnVwi  W 
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'  bat  the  dorsal  aliield  did  not  contain  more  than  two,  nor  the  rentrri  \ 

shield  more  tban  eight  longitudinal  aeries  of  sciiteB.     Tlio  posterior  J 

.  uares  were  eituEktad  far  forward,  as  in  Lizards,  neither  the  palatina   | 

nor  the  pterygoid  bones  unidng  to  prolong  the  nasal  passage  book- 

I  wards,  and  give  rise  to  secondary  posterior  nares,  as  in  existing   i 

CrooodileB,  The  teeth  referred  to  Stagonoleptt  have  short,  swfillen,  ' 
obtusely  pointed  crowns,  like  Ibe  back  teeth  of  some  existing  Croco- 
diles; they  sometimes  present  signs  of  wear.  The  scapula  resemblaa 
that  of  recent  Crocodiles;  the  coraooid  is  short  and  rounded  like  that 
of  the  Ornithoscelida  and  of  some  Lizards,  such  as  HatUria.  The 
humerus  is  more  Lacertian  than  in  existing  Crocodiles,  The  aoe- 
tabulor  end  of  the  ischium  resembles  that  of  a  Lizard,  and  the  rest 
of  the  bone  ia  shorter  dorso-veutrally  and  longer  an tero- posteriorly 
than  in  living  Crocodiles,  thus  resembling  that  of  Behdan.  The 
latter  Heptile,  from  the  Upper  Keupor  of  Wiirtteniberg,  is  the 
nearest  ally  of  Statftmolepii  i  both  are  members  of  the  same  natural 
group,  and  this  must  be  referred  to  the  order  Crocodilia,  which  was 
described  ae  differing  from  other  Reptilia  aa  follows : — The  trans- 
verse processes  of  most  cervical  and  thoracic  vertebrte  are  divided 
into  more  or  less  distinct  capitular  and  tubercular  portions,  and  the 
proximal  ends  of  the  corresponding  ribs  ore  correspondingly  divided; 
the  dorsal  ends  of  the  subvertebral  caudal  bones  are  not  united ;  the 
qnadrate  bone  is  fixed  to  the  side  of  the  skull ;  the  pterygoids  send 
forward  median  processes  which  separate  the  palatines  and  reach  Uti 
vomer;  tliero  is  im  interclavide,  but  no  clavicles;  the  ventral  edge 
of  the  acetabular  portion  of  the  ilium  is  entire  or  but  slightly  ex- 
cavated ;  the  ischia  are  not  much  prolonged  backwards,  and  the 
pubes  are  directed  forwards  and  inwards ;  the  femur  has  no  inner 
trochanter,  and  the  astragalus  is  not  a  depressed  ooncavo- convex 
bone  with  an  ascending  process.  There  are  at  least  two  longituditial 
rows  of  dorsal  dermal  sen  tea. 

The  Crocodilia  are  divided  by  the  author  into  three  sub-orders:— 

I.  Pasasucuia,  with  no  bony  plates  of  the  pterygoid  or  palatitw 
bones  to  prolong  the  nasal  passages ;  the  Eustachian  passages  en- 
closed by  bone  ;  the  centra  of  the  vertebrce  amphicoelian  ;  the  con- 
coid  short  and  rounded;  the  ala  of  the  ilium  hi^,  and  its  acetabnlsr 
margin  entire ;  and  the  ischium  short  dorso-ventrally  and  elongated 
longitudinally,  with  its  acetabular  portion  resembling  that  of  > 
Lizard. — Genera  :  Stagonoleptt.  Belodon. 

II.  MESoBucBrA,  with  bony  plates  of  the  palatine  bones  prolong- 
ing the  nasal  passages,  and  giving  rise  to  secondary  posterior  naree; 
a  middle  Eustachian  canal  included  between  the  basioccipital  and 
baslsphenoid,  and  the  lateral  canals  represented  only  by  grooves ; 
vertebral  centra  amphiccBtian ;  coracoid  elongated  ;  ala  of  the  iliom 
lower  than  in  the  preceding,  higher  than  in  the  next  sub-order,  iti 
acetabular  margin  nearly  straight;  ischium  more  elongated  dorW- 
ventrally  than  in  the  preceding  group,  with  its  acetabular  margin 
deeply  notched. — Genera:  Steneotaurut,  Pelagoaaurut,  Teleotavmt, 
TeteidoBaunis,  Melriorhgnchnt  {Gomopholiil,  PhoHdotanruB'!). 

Jil.  EvBUOBiA,  with  both  pterygoid  and  palatine  bones  giving  <tf   I 
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plates  wbioh  prolong  the  nasal  passages ;  vertebral  centra  mostly 
prooQelons ;  coraooid  elongated ;  ala  of  the  ilium  very  low  in  front, 
its  acetabular  margin  deeply  notched;  ischium  elongated  dorso- 
ventrally,  with  its  articular  margin  deeply  excavated. — Oenera: 
Tkaraconaurm,  Hohp$,  and  recent  forms. 

^e  Mesosuchia  are  intermediate  in  character  between  the  other 
two  groups ;  the  Parasuchia,  where  they  differ  from  the  Mesosuchia, 
approach  the  Omithoscelida  and  Lacertilia,  especially  such  as  Hat- 
ieria  and  Htfperodapedan,  with  amphicoelous  vertebral  centra.  The 
Easnchia,  on  the  other  hand,  are  the  Crocodilia  which  depart  most 
widely  finom  the  Omithoscelida  and  Lacertilia,  and  are  the  most 
Crocodilian  of  Crocodiles. 

After  indicating  at  some  length  the  succession  of  modifications  in 
the  above  three  groups,  the  author  remarked  that  if  there  is  any 
solid  ground  for  the  doctrine  of  evolution,  the  Eusuchia  ought  to  be 
developed  from  the  Mesosuchia,  and  these  from  the  Parasuchia,  and 
showed  that  geological  evidence  proved  that  the  three  groups  made 
their  appearance  in  order  of  time,  in  accordance  with  this  view. 
Thus  in  the  Trias  there  are  the  genera  Belodon  and  Stagonolepis  of 
the  sub-order  Parasuchia.  In  the  Upper  Lias  we  have  SteneosauruB^ 
{Ifyitriosauriis)  and  Pelagosaurua,  the  first  represented  also  in  all 
Mesozoio  formations  up  to  the  Eimmeridge  Clay ;  in  the  Fuller's 
Earth  Teieoaaurua  and  Teleidosaurus  occur ;  in  the  Kelloway  Rock 
AfeirioThynchus,  also  met  with  in  the  Oxford  Clay  and  Kimmeridge 
Clay ;  in  the  Wealden,  GoniophoUsy  Macrorhynchus,  Pholidosaurus, 
and  unnamed  Teleosaurians ;  and  in  the  Upper  Chalk  flyposaurua ; 
all  belonging  to  the  Mesosuchia.  In  the  Upper  Chalk  again  the 
Eusuchia  make  their  appearance,  represented  by  the  genera  Thora- 
eosaurua,  Sblops,  and  GaviaUa  (?).  How  far  back  the  Parasuchia 
extend  in  time  is  not  known,  but  they  are  not  found  in  any  forma- 
tion subsequent  to  the  Upper  Trias.  The  author  described  a  frag- 
ment of  a  skull  of  a  Wealden  Crocodile,  in  which  the  posterior  nares 
are  smaller  and  situated  further  back,  than  in  Metriorhynchua  or 
Steneo9awrua, 

Of  the  nearest  allies  of  the  Crocodilia,  the  Lacertilia  and  Omi- 
thoscelida, the  former  may  be  traced  back  from  the  present  day  to 
the  Permian  epoch,  and  the  latter  from  the  later  Cretaceous  to  tlie 
Triassio  epoch.  The  author  discussed  the  question  whether  these 
types  exhibit  any  evidence  of  a  similar  form  of  evolution  to  that  of 
the  Crocodilia.  The  cranial  structure  of  the  Permian  Lacertilia  is 
almost  unknown,  and  the  only  important  deviation  from  the  type  of 
the  existing  Lacertilia  in  the  skeleton  is  that  their  vertcbrte  are 
amphicoelous,  not  procoelous.  With  this  exception  there  is  no  evi- 
dence that  the  Lacertilian  type  of  structure  has  undergone  any 
important  change  from  the  later  Palseozoic  times  to  the  present  day ; 
and  this  change  seems  to  have  occurred  earlier  in  the  Lacertilia  than 
in  the  Crocodiles,  as  a  sacral  vertebra  of  a  Lizard  from  the  Purl)ecks 
has  the  centrum  concave  in  front  and  convex  behind. 

With  regard  to  the  Omithoscelida,  the  author  noticed  that  the 
researches  of  American  Palaeontologists  proved  the  exiateive^  c^' 
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'  tboBe  Eeptilps  in  abuailance  in  quite  the  latter  part  of  the  Oretac«m«    ' 

epoch.     He  had  hiruself  indicated  the  osiateuoe  of  various  fomiB  of 

Dinosaurin   in  the  Trias.     He  confirmed  hia   former  opinion  th»t 

Zanelofion  from  tha  Upper  Keuper  of  Wiirtteniberg  ia  a  Dinosaur. 

and    pi-ol>ably  idantioal  with   Teratoiavrut  (von  Meyer),  in  which 

Citso  its  affinity  to  Megahtawue  iB  exceedingly  clone.     He  corrected    ' 

a  stalement  in  a  former  paper  with  regard  to  the  ilium  of  the  The- 

oodontoBaurians,  wliich  he  had  turned  the  wrong  way,  and  staled 

I  that  when  regarded  in  its  proper  position  this  ilium  is  much  more 

I  Lauertilian  than  that  of  Megnlotaiirnt.     From  this  and  other  evi- 

I  dence  of  detail  he  inferred  that  the  TriasBic  Tliecodontoaauria  were 

'  devoid  of  some  of  the  moat  marked  peouliaritieB  of  the  later  Onii-    , 

thoBCelida,  while  the  most  ornithic  of  the  latter  belong  to  the  second 

half  of  the  Mesozoic  period.     Tlie  oldest  Oocodilea  differ  less  than 

the  recent  ones  from  the  Laeertitia,  and  the  oldest  Omitboscelida 

'  also  approauhcd  a  lees  differentiated  Laoertian  form,  the  two  groups 

seeming  to  converge  towards  the  common  form  of  a  Lizard  with 

Crocodilian  vertebral.      O/iosaurui  is  iJao  a  reptile  with  a  vertebral 

system  like  that  of  the  Thecodontoaanria  and  Crooodilia,  bnt  with 

more  Lacertilian  limbs,  and  Slenopefyx  may  be  in  the  snme  case. 

It  may  therefore  bo  convenient  hereafter  to  separate  the  Thecodonto- 

sauria,    Celioiauriu   and   perhaps  Sttnojtelijx   as  a   group,  "  Sncho- 

spondjlia,"  distinct  trom  both  the  Omithoacelida  and  the  Crooodilia 

(or  "Saiiroscelidu  "). 

frof.  Huxley,  in  reply  to  remarks  on  his  paper  by  Professors 
Duncan  and  Seeley,  stated  that  tb«  Indian  Cio<»dile,  i'aramcAiw, 
was  very  like  Belodon  in  the  jaw  and  teeth,  the  scapula  and  conicoid, 
the  vertebrw,  the  ilium,  and  the  tibia.  The  tibia  had  the  proximal 
end  like  that  of  a  Lizard,  the  distal  like  that  of  a  Crocodile,  The 
remains  from  India  furnish  a  new  point  of  resemblance  between  the 
Indian  deposits  and  those  of  Elgin.  With  regard  to  the  diOerenoe 
in  the  position  of  the  noBlrila,  he  did  not  know  that  any  reason  could 
be  given  for  this,  unless  the  modification  might  facilitate  respiration 
when  the  animal  was  engaged,  after  the  manner  of  Crocodiles,  in 
drowning  its  prey ;  but  this  would  not  hold  good  in  the  case  of  the 
Gavial,  which  feeds  on  fish.  The  food  of  Stagonolepit  was  donbtfal : 
the  teeth  were  often  more  or  less  ground  down ;  but  whatever  the 
food  was,  it  might  be  an  advantage  to  the  animal  to  be  Able  to  breathe 
when  its  mouth  was  fnll.  In  reply  to  Prof.  Seeley,  he  stated  that 
his  comparisons  were  not  founded  on  the  skull  alone,  but  on  the 
other  principal  characterB.  Purely  morphological  oonBiderationa 
would  not  he  sufficient  alone,  but  they  must  enter  into  the  question. 
As  to  the  older  Laoertilia,  he  had  paid  some  attention  to  them,  and 
considered  that  in  all  their  cbnracters  they  resembled  the  existing 
forms ;  the  modem  Sphenodon  (or  HatteTia)  of  New  Zealand  wm 
exactly  like  the  Triassic  species.  The  skull  in  Belodon  most  closely 
reBcmblcs  that  of  JTyferptlon  ?  ' 

2.  "On  the  remains  of  a  Fossil  Forest  in  the  Coal-measures  lA 
Wadsley.  near  Sheffield."  By  R  C.  Sorby,  Esq.,  F.E.S.,  F.Q.S., 
PreB.RM.S. 
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In  this  paper  the  author  described  the  occurrenoe  of  a  number  of 
■tnmpa  of  Sigiilaria  in  position  and  with  Stigmarian  roots  attached 
to  them  in  the  Coal-measure  Sandstone  in  the  grounds  of  the  South 
Torkahire  Lunatio  Asylum,  and  mentioned  that  the  authorities  of 
the  Aaylum,  in  order  to  preserve  these  remains,  had  erected  two 
wooden  buildings  over  them.  The  trees  seem  to  have  grown  in  what 
ii  now  a  bed  of  earthy  clay-like  shale ;  there  to  have  dried  and  rotted 
down  to  the  level  of  the  surrounding  mud,  leaving  hollow  stumps, 
to  be  afterwards  filled  up  with  the  sand  now  forming  the  super- 
jacent bed  of  sandstone.  The  stumps  exposed  were  about  ten  in 
number,  spread  over  forty  or  fifty  yards  of  ground.  The  smaller 
trunks  have  four,  and  the  larger  ones  eight  roots ;  and  the  author 
specially  called  attention  to  the  fact  that,  from  the  position  of  these 
roots,  by  analogy  with  existing  trees,  we  may  infer  the  direction  of 
the  prevalent  wind  at  the  time  the  trees  were  growing,  and  that  it 
appears  to  have  been  from  the  west 

3.  **  On  FavuUlla  MteUata  and  Favtstella  eaUeina,  with  Notes  on  the 
affinities  of  FavisUlla  and  allied  genera."  By  H.  Alleyne  Nicholson, 
M.D.,  D.80.,  F.B.S.E.,  F.Q.8. 

The  author  noticed  that  Columnaria  alevolata,  Goldf.,  has  been 
described  by  Hall  under  the  name  of  Faristella  »tellata,  as  pointed 
out  by  Milne-Edwards  and  Haime,  and  discussed  the  course  to  be 
pursued,  another  Coral  from  the  Trenton  Limestone  having  been 
described  and  figured  by  Hall  and  other  American  palaeontologists 
as  Columnaria  alveolata,  Groldf.  The  distinction  between  the  two 
forms  consists  chiefly  in  the  degree  of  development  of  the  septa, 
these  being  marginal  and  rudimentary  in  the  latter  species,  and 
reaching  neariy  or  quite  to  the  centre  in  the  tnie  C.  alveolata^  Goldf. 
He  proposed  to  refer  both  to  the  genns  Columnaria^  accepting  Favi- 
iUlia  as  a  sub-genus,  and  retaining  Hall's  specific  name  for  its  ty|)e. 
In  case  of  the  identity  of  Faristella  stellata.  Hall,  and  Columnaria 
alveolata,  Goldf.,  being  definitively  established,  he  suggested  the 
name  of  C  Salli  for  the  species  described  by  Hall  as  C»  alveolata. 
He  also  described  a  new  species  of  the  genus  under  the  name  of 
Columnaria  {Favistella)  calieina. 

Mr.  A.  Tylor  brought  an  apparatus  for    determining    the   heat 

evolved  by  the  friction  of  ice  upon  ice,  with  a  view  to  explain  an 

important  element  in  glacier  motion.     The  apparatus,  consisting  of 

plates  of  ice  8  inches  square,  placed  in  two  wooden  chucks  3  inches 

deep,  was  enclosed  in  a  double  sheet-iron  case  containing  ice  and 

salt,  and  kept  at  32®  F.     One  block  of  ice  was  rotated,*  and  the  other 

pressed  against  it     Four  pounds  of  ice  were  reduced  to  water  at  the 

rate  of  1 J  lb.  in  an  hour,  in  consequence  of  the  motion,  that  is  by 

the   heat  evolved  by  friction  of  ice  upon  ice,  the  pressure  being 

2  lbs.  on  the  square  inch.      Ice  evaporates  at  32^,  and  the  same 

quantity  of  ice  was  reduced,  when  still,  at  about  the  rate  of  \  lb. 

in  an  hour  at  32**  F.     Air  at  a  higher  temperature  found  its  way 

into  the  case,  and  promoted  melting.     \Vhen  this  experiment  was 

tried  in  a  room  at  54°  F.  with  the  same  apparatus  without  any 

^  One  chuck  revolved  500  times  in  a  minute. 
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outer  case,  tLe  friction  of  tlic  ice  in  motion,  at  the  aliove  p 
sure,  increased  the  proilnction  of  water  3J  times  above 
ralo  observed  wben  the  ic«  waa  still  and  exposed  to  a  t 
perature  of  54°  F.  Tbe  amount  of  heat  evolved  woa  nei 
as  much  as  with  oak  moving  upon  oak  well  lubrioated,  and 
coefficient  of  friction  was  between  O'l  and  0'2.  Glacier  motioi 
impoEHible  without  a  continual  supply  of  water  to  luhricata 
bottom.  No  douht  the  action  of  denudation  b;  glaciers  prodi 
heat  to  a  small  extent.  The  water  obtained  by  melting  the  but 
of  the  glacier  by  the  sun's  heat  in  the  glacial  period  could  not 
sufficient  alone.  The  position  of  deep  lakes  in  all  parts  of 
world  in  immediate  connexion  with  mountains  and  their  absenc 
places  away  from  mountains  shows  that  deep  lakes  are  integral  p 
of  mountains ;  and,  in  fact,  lakes  are  deepest  exactly  where 
glaciers,  once  covering  tbe  mountains,  were  in  the  best  positioi 
act  as  lake  excavators.  I'here  can  be  no  doubt  that  all  deep  li 
in  the  world,  including  those  in  Central  Africa,  below  the  £qua 
are  purely  of  glacial  origin,  and  that  the  cold  in  the  Glacial  Fe 
was  nearly  e<}ually  intense  in  the  southern  and  northern  h( 
spheres,  and  tbe  Atlantic  was  not  only  lower,  but  great  part  c 
wnE  frozen.  Glacial  surfacc-ioe  would  move  much  faster  than 
bottom-ice,  and  the  side-ica  than  the  surfaue-ice,  and  there 
fractures  would  be  continually  ooourring  through  all  parts,  ' 
water  produced  by  this  great  friction  of  ice  upon  ice  would 
tlmiugh  the  fissures  ti>  tlic  botlom.  He  bad  poinltn!  nut  ths 
glacier  moved  twice  as  fast  when  it  was  eight  times  as  thick,' 
the  influence  of  weight  on  ntotion  must  be  conBidcred  a  most 
portant  element.  The  present  temperature  of  a  thin  glacier 
found  by  Agassiz,  from  observation,  to  be  one-third  of  a  degree  be 
freezing;  but  Mr.  Tylor  assumed  that  in  such  a  lake-glacier  ai 
bad  drawn,  and  supposed  to  exist  in  tbe  glacial  period,  the  ten 
rat ure  might  be  assumed  to  bo  very  much  below  freezing,  the  gre; 
cold  arising  from  immense  evaporation  and  other  causes.  He  th 
fore  concluded  tliat  the  water  produced  hy  friction  of  ice  upon 
falling  to  the  bottom  of  the  lake-glacier  through  fissures  would  rapi 
freeze,  and  then  expanding  one-tenth,  would  impel  the  glacier  (e 
or  armed  with  blocks  of  stone  and  sand  at  the  bottom)  up  a  gnu! 
of  1  ia  20,  excavating  the  Swiss  and  other  lakes  30  or  40  miles  \i 
and  1200  feet  deep  in  this  manner.  Mr.  Tylor  calculated  that  ^ 
half  an  inch  per  annum  of  mean  excavation  over  the  whole  h 
bottom,  the  lake  of  Zurich  coidd  be  excavated  in  15,000  years,  F 
Kamsay  bad  painted  out,  from  geological  evidence,  that  such  li 
have  been  excavated  by  ice,  but  be  did  not  indicate  how  this 
mechanically  possible  {see  Quarterly  Journal,  1862). 

Mr.  Tylor  referred  again  to  his  experiment  when  the  pressure 
only  2  lbs.  on  the  inch.  In  a  large  glacier  such  as  described  by 
Hooker  in  the  Himalayan  range,  where  the  mean  gradient  of 
surface  was  40°  to  60°  and  the  actual  fall  was  14,000  feet  id 
or  six  miles,  Dr.  Hooker  found  great  lakes  attendant  upon 
■  FoUowing  the  lame  law  u  flowing  water.— See  Pliil.  Mag.  Sept  1S74. 
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mountains.  Supposing  the  ioe  was  a  mile  thick,  the  pressure  would 
be  half  a  ton  on  the  inch,  in  the  Himalaya  at  least,  and  the  produc- 
tion of  water  by  friction  of  ice  upon  ice  enormous.  Friction  is 
dependent  upon  pressure,  distance  moved,  and  mass,  and  independent 
of  velocity  of  motion.  All  deep  lakes  must  be  referred  for  origin 
to  the  Glacial,  and  not  to  the  Preglacial  period.  They  are  the  direct 
consequences  of  the  elevation  of  mountains  in  the  Preglacial  or 
preceding  period. 

Wattobd  Natubal  Histobt  Sooikty  AMD  Hebtfobdshibe  Field 
Club. — March  11,  1876. — John  Evans,  Esq.,  F.B.S.,  President,  in 
the  Chair. 

"  On  the  Cretaceous  Bocks  of  England."  By  J.  Logan  Lobley. 
Eml,  F.G.S.* 

This  lecture,  an  introduction  to  the  Geology  of  Hertfordshire, 
ooramenced  with  a  reference  to  the  great  teachings  of  the  work  of 
William  Smith  and  his  successors ;  after  which  the  stratigraphical 
position  of  the  Cretaceous  system*,  and  the  vast  area  of  the  Earth's 
surfuw  within  the  limits  of  which  Cretaceous  deposits  may  be 
found,  were  pointed  out. 

The  fan-like  extension  of  the  Cretaceous  rocks  in  England,  com- 
mencing at  the  Dorsetshire  coast,  is  marked  out  by  the  Chalk,  which, 
speaking  broadly,  indicates  the  geographical  position  of  the  English 
Cretaceous  rocks  generally. 

Commencing  with  the  Wealden,  each  of  the  great  divisions  of  the 
system  were  described. 

The  Chalk,  as  the  rock  of  Hertfordshire,  was  specially  dwelt  upon. 
The  calcareous  Foraminiferal  and  the  siliceous  Polycistinal  deposits  on 
the  bed  of  the  Atlantic  canal  were  explained  by  the  aid  of  diagrams. 

The  recent  researches  of  the  "  Challenger  "  expedition  had  revealed 
the  previously  unsuspected  occurrence  of  a  red  argillaceous  mud  at 
the  bottom  of  a  submarine  valley  of  great  depth,  and  as  this  was 
probably  the  residuum  of  Foraminiferal  tests,  the  calcareous  matter 
of  which  had  been  prevented  by  some  solvent  process  from  reaching 
these  lowest  depths,  the  hypothesis  of  the  organic  origin  of  clays, 
recently  enunciated  by  Prof.  Huxley,  had  been  suggested.  The  local 
geology  and  the  geological  features  of  the  Thames  Valley  having  been 
described,  the  dependence  of  the  plants  of  a  district  on  its  geology, 
as  shown  by  the  presence  of  the  fine  beeches  for  which  the 
neighbourhood  of  Watford  is  famed,  exemplifies  the  connexion 
subsisting  between  the  various  natural  sciences,  the  study  of  which 
this  Society  is  intended  to  promote. 

To  Geology,  however,  and  to  the  study  of  the  Cretaceous  rocks  of 
their  own  county,  the  members  were  specially  urged  to  give  their 
attention,  since  wider  views  and  greatly  extended  knowledge  would 
surely  follow. 

The  lecture  was  illustrated  by  diagrams,  maps,  and  fossils,  and 
tinder  the  microscope  recent,  as  well  as  fossil  (Chalk)  Foraminifera, 
etc.,  were  exhibited. 

1  The  first  communication  to  the  Society. 
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DENUDATION    OF    THE   WE.U.D. 

Sib, — Mr.  Kinahan  in  his  book  "  Valleyf.  and  tbeir  Bel»tioo  to 
FiBsiires,  Fraotures,  aail  Faults."  robs  lue  of  the  doctrines  of  Eaio 
and  Hivers,  and  gives  them  to  Messrs.  Foster  and  Topley.  I  write 
to  beg  spaoe  to  protest  against  this.  Page  196,  he  says,  "  We  will 
specially  refer  to  Messra.  Foster  and  Topley's  paper  on  it  (the 
denudation  of  the  Weald),  as  these  observers  have  carefully  exaniiaed 
the  geology  of  the  country."  and  lie  quotes  the  title  of  their  admirable 
paper  "  On  the  Superficial  Depoaiti  of  the  Valley  of  the  Medway 
with  Bemarks  on  the  Deaodation  of  the  Weald  (Quarterly  Journal 
of  the  Geological  Society  of  London,  November,  I8G0,  p.  443)." 
Page  460  of  Measrs.  Foster  and  Topley's  paper  oomioences  tlius: 
"  I'art  II.  On  the  Denudation  of  the  Weald.  Ha\-ing  now  described 
the  chief  phenomena  connected  nitli  the  superficial  bade  of  the 
Medway  valley,  we  will  pass  on  to  consider  the  light  which  they 
tlirow  iiiH>n  the  much-disputed  question  of  the  '  Denudation  of  the 
Wciilil.'  We  think  it  will  be  conclusively  shovm  that  "rain  and 
rivers '  have  been  the  main  agents  in  producing  the  present  form  of 
the  ground,"  lu  the  ten  remaining  pages  of  Part  II.,  my  name  on 
"  rain  and  rivers  "  is  mentioned  ten  times.  And  the  paper  ends  u 
'  H  began.  "  Oonolnaion.  In  conclusion  we  will  revett  to  th«  main 
points  diBOUBHed  in  the  paper.  After  descrihing  the  gravel  of  the 
Medwuy  valley,  wc  have  endeavoured  to  prove  tliiit  an  old  river 
gravel  of  the  Medway  occurs  300  feet  above  its  present  valley.  We 
have  then  shown  that  if  this  fact  be  admitted,  it  follows  that  so  large 
a  denudation  has  been  effected  by  '  rain  and  rivers,'  that  there  can 
be  but  little  difficulty  in  supposing  the  present  form  of  the  ground 
in  the  Weald  to  have  been  produced  entirely  by  these  agents." 

I  shall  be  satisfied,  Sir,  if  you  will  allow  me  space  for  this  protest 
But  I  send  the  following  in  case  it  may  l>e  thought  suitable  to 
your  pages : — 

Page  200,  Mr.  Einahan  says,  "  If  the  Weald  valley  was  solely  dne 
to  snbfBriol  (so  spelt)  denudation,  there  ought  to  be  deposits  of  chalh 
flints  over  the  whole  area,  and  not  only  ou  the  newer  beds."  The 
flhits  are  gone  where  they  ought  to  have  gone,  and  where  by  the 
laws  of  nature  tliey  must  go — into  the  rivers.  And  they  have  been 
carried  by  the  rivers  to  the  sea-shore,  or  towards  the  sea-shore.  At 
page  47,  "  Kain  and  Bivera,"  I  have  traced  them  northward, 
southward,  eastward,  and  westward.  But  since  then,  Mr.  Mylne 
has  published  his  beautiful  geological  map  of  "London  and  iti 
Environs."  Mr.  Kinahan  may  see  there  terraces  of  flint  from  10  to 
100  feet  above  the  present  level  of  the  Thamea,  Besides  Eenaington 
and  Hyde  Park,  the  entire  of  ancient  London,  St.  Paul's,  tlie 
Mansion  House,  and  the  Bank,  stand  on  these  vast  aocumulations  of 
river  flint.  But  the  bed  and  the  sides  of  the  valley  at  London 
should  be  London-clay,  The  flinla  have  been  brought  by  the  river. 
And  b-om  whence  ?    Part  from  the  Weald  Hill,  through  the  gorges 
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of  the  Wey  and  Mole ;  part  from  the  gorge  through  the  Chiltem 
Hillfl  which  flood  Oxford  and  the  soft  Oolitic  valleys.  But  for  the 
sea-shore,  let  Mr.  Einahan  examine  Romney  Marsh,  the  Delta  of  the 
Bother,  formed  hy  the  wash  down  of  the  very  highest  part  of 
the  Weald  Hill,  Crowborongh  Beacon,  800  feet  high.  At  Hythe, 
Dungeness,  and  Pevensey,  he  will  find  the  flints  with  which  he 
Fould  reqaire  "  the  whole  area  "  of  the  Weald  to  be  covered.  But 
horn,  the  top  of  Crowborongh  Beacon,  the  centre  of  the  Weald,  how 
nany  hundred  feet  of  Hastings  sand.  Weald  clay,  Greensands,  Gault, 
Hhalk  marl  and  flintless  Lower  Chalk  have  been  washed  away  by 
rain  and  rivers  since  the  last  speck  of  upper  flint-bearing  chalk 
iranished  ?  The  flint-s  which  remain  "  on  the  newer  beds  *'  of  the 
i¥eald  (except  those  from  the  more  recent  denudation  of  the  face  of 
he  chalk  slope)  have  been  caught  on  the  low  flat  soft  valleys  of  the 
Weald  clay  behind  the  hard  gorges  of  the  Greensand,  and  in  the  soft 
valleys  of  the  Gault  behind  the  hard  gorges  of  the  Chalk.  When  the 
t>eda  of  these  gorges  were  lowered,  the  sides  of  the  alluviums,  no 
longer  overflowed,  were  denuded,  and  the  alluviums  cut  back  into 
lerraces.  But  their  flat  tops  remain  till  the  terraces  are  entirely 
cleared  away.  The  formation  of  these  terraces  has  been  always 
^ing  on  at  heights  decreasing  directly  as  the  lowering  of  the  beds 
)f  the  gorges  and  valleys.  That  it  is  going  oh  now  may  be  seen 
Tom  the  deposit  of  new  alluviums  with  drift  gravel  at  the  levels  of 
he  present  overflows  of  the  rivers.  The  same  thing  may  be 
teen  on  the  opposite  side  of  the  Greensand  hard  gorge  below 
Famham,  where  the  Wey  runs  iii^o  instead  of  out  of  the  Weald,  and 
leposits  vast  quantities  of  drift  gravel  and  alluvium  in  the  soft 
i'alley  of  the  Gault.  This,  also,  is  going  on  now.  Rivers  are  the 
*oads  which  gravels  travel  to  the  sea,  though  they  may  be  arrested 
or  thousands,  nay  millions,  of  years  in  passing  alluviums.  Witness 
he  terraces  of  the  Fraser  River,  etc.,  which  are  only  gigantic  effects 
)f  what  caused  the  Medway  terraces.  That  is,  throughout  the  wide 
wride  world,  atmospheric  disintegration  and  the  erosion  of  rain  form 
I  flat  valley  in  the  soft  strata  behind  each  harder  stratum.  Every 
lood  is  then  checked  at  the  gorge  of  the  hard  stratum,  and  overflows 
md  deposits  on  the  soft  flat  When  the  bed  of  the  hard  gorge  is 
owered,  the  bed  in  the  soft  valley  behind  is  also  lowered,  and  the 
looded  river,  instead  of  overflowing,  cuts  back  its  alluvium,  which 
'emains  as  two  terraces.  Messrs.  Foster  and  Topley  mistake  in 
lupposing  (pp.  470,  471)  that  a  rise  of  the  land  is  necessary  for  the 
leepening  of  the  river-bed.  It  would  only  be  necessary  for  those 
)art8  of  rivers  whose  beds  are  at  the  level  of  the  sea. 

George  Greenwood,  Colonel. 
Brookwood  Pabk,  Alrespord. 

SUBMERGED    FORESTS. 

Sib, — Submerged  forests  and  the  facts  connected  with  them  are 
mportant,  as  offering  indications  of  the  latest  geological  changes. 
ZJolonel  Greenwood*8  theory,  to  which  he  recalls  attention  in  your 
last  Number,  is  an  attempt  to  account  for  them  without  an^  ^\xikm^ 
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of  the  land  or  rising  of  the  sea.  He  tlunlce  that  the  fonnation  of  >  | 
bar  of  shiugle  across  the  moulh  of  an  estuary  would  admit  of  the 
.  surface  behind  it  beiag  dry,  although  it  ehoold  ba  below  high-water  j 
'  mark ;  and  that  a  forest  might  grow  there.  One  seas  marsh  land  in 
I  Bucb  positions,  but  unless  there  are  instances  of  trees  of  the  name 
I  kind  as  those  found  in  submerged  forests  now  growing  below  high- 
water  mark,  it  seems  doubtful  if  thoy  grew  there  formerly.  But  the 
important  question  is,  what  have  been  the  relative  raovementa  of 
land  and  sea  since  these  forests  were  green  1  Can  we  correlate 
chmiges  of  level  indicated  by  other  phenomena  with  snoh  na  mast 
have  raised  or  depressed  tlieee  forest  lands,  Mr.  Godwin -Austen,  in  i 
I  his  paper  "On  the  Superficial  Aocumulatione  of  the  Ooasts  of  the  ' 
English  Channel,  and  the  Changes  they  indicate," '  arrives  at  the 
conclusion,  from  marks  impressed  upon  the  hard  rocky  margins  of 
the  Devon  and  Cornish  coast,  that  there  has  been  "a  change  of 
level,  wlituh,  so  far  as  elevation  is  concerned,  is  necessarily  the  moBt 
recent  which  has  taken  place  on  this  section  (Dartmouth),  and 
which  we  may  estimate  at  eight  to  ten  feet."  A  depression  of  that 
amount,  he  remarks,  "would  convert  the  valley  of  the  Exe  into  a 
salt-water  estuary,  and  account  for  the  beds  of  McuAra,  Telliva  '* 
(giuB  Scrohicviaria)  and  Cardinm  found  at  Alphington."  And  he 
states  that  this  movement  has  been  a  uniform  one  throughout,  and 
extends  over  the  area  of  the  Qerman  Ocean.  Now  the  remarkable 
'  thing  is  that  we  have,  in  every  case  that  I  have  seen,  evidence  of  ' 
Hiich  a  depression  wherever  a  submerged  forest  exists.  The  sfnmpa 
of  the  trees  are  always  enveloped  in,  or  covered  by,  a  mud,  full  of 
dead  sheila  of  Scrohicvlana  piperata,  Cardium,  and  other  estuarine 
sheila ;  generally  of  large  size.  This  deposit  is  laid  bare  by  the 
erosion  of  tbo  waves  at  the  preeent  day,  pari  pastu  with  the 
uncovering  of  the  forest  itself,  as  the  beach  is  thrust  forward  over 
the  matshes.  This  clay,  under  the  name  of  "  Buttery  clay,"  with  its 
usual  shells,  extends  over  a  great  part  of  the  fen  land  of  this 
neighbourhood,  where  they  spread  it  over  the  peaty  soil  to  give  it 
ooiisistency.  Beneath  it  are  the  remains  of  forest  trees  of  large  size, 
which  Bomotiroes,  as  the  soil  sinks  through  the  effect  of  drainage, 
protrude  above  the  surface,  so  that  they  require  to  be  dr^^d  out  by 
horse  power;  otherwise  they  obstruct  the  plough.  ITiere  is  « 
detailed  account  of  a  submerged  forest  at  Forlock  Bay,  by  Hr. 
Godwin- Austen,  in  which  the  points  usually  connected  with,  these 
deposits  are  excellently  brought  out' 

Colonel  Greenwood's  theory  will  not  explain  the,  I  belioTe 
universal,  presence  of  the  Scrohiettlaria  clay  covering  the  old  foxsils ; 
while  this  answers  exactly  to  the  depreesiou  since  balanced  by  the 
8-10  foot  elevation  established  on  other  grounds  by  Mr.  Godwin- 
Austen.  Tliat  elevation  has  brought  the  forests  with  their  estuarine 
envelopes  to  the  level  of  present  half-tide.  But  they  have  been 
eight  or  ten  feet  lower  than  they  are  now,  and  consequently  fully 
"  snbmerged."  It  seems  to  me,  then,  that  they  are  justly  entitled  to 
their  old  appellation,  and  that  it  is  a  mistake  to  suppose  that  they 
^1    '  Jouzn.  Geol.  Sac  Tol.  Tit.  p.  118.  '  Jonni,  Geol.  Soc.  vol,  iiii.  p.  1. 
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occur  withont  any  sinking  of  the  land  or  rising  of  the  sea.  And  I, 
for  one,  agree  with  Mr.  Kinahan,  that  they  are  *'  submerged  "  at  the 
present  day,  in  so  far  that  they  are  below  the  level  suitable  to  the 
growth  of  trees,  of  the  kinds  of  which  they  consisted.  A  singular 
ftct  abont  these  old  forests  that  requires  explanation  is  their  almost 
universal  occurrence  at  a  certain  uniform  level  of  flat  land.  It  might 
otherwise  have  been  expected,  under  these  circumstances,  that  they 
would  have  grown  upon  a  surface  of  silt,  deposited  by  water  action. 
But,  as  far  as  my  observation  goes,  they  usually  grew  upon  the  clay, 
which  forms  the  bed  rock  of  the  locality.  At  Selsey  it  is  distinctly 
weathered.'  How  came  these  tracts  of  uniform  level  to  exist  at  so 
many  localities  ? 

At  some  places,  however,  there  is  a  gravelly  bed  beneath  the 
-forest,  and,  in  such,  at  Barnstaple  occur  flint  knives. 

There  is  a  submarine  forest  at  a  much  lower  level  indicated  in 
Mr.  Grod win- Austen's  paper  first  referred  to  (section  no.  1,  pi.  vi.), 
which  must,  I  think,  belong  to  a  period  antecedent  to  that  of  the 
forests  of  which  I  have  been  speaking. 

I  would  take  the  liberty  of  referring  upon  the  above  and  kindred 
topics  to  my  paper  on  "  The  Warp,"  in  the  Journal  of  the  Geo- 
logical Society,  vol.  xxii.  p.  553.  0.  Fishee. 
Hablton  Bectort,  Cambridge. 

A   VOICE   FROM   THE   PAST. 

Sib, — I  suppose  there  has  been  no  more  thorough  and  accurate 
observer  of  geological  phenomena  than  the  late  Prof.  Sedgwick. 
On  going  through  his  papers  of  nigh  half  a  century  ago,  on  the 
English  Lake  District,  I  am  constantly  struck  with  his  minuteness 
of  investigation,  and  his  careful  and  logical  deductions.  Had  he 
been  blessed  with  a  good  ordnance  map,  there  would  have  been 
comparatively  little  general  work  left  for  the  Geological  Survey  to 
accomplish.  The  following  extract  from  one  of  the  late  Professor's 
letters,  dated  May  24th,  1842,  is  interesting  in  the  present  day, 
when  land-ice  is  supposed  by  some  to  have  been  equal  to  any 
task  : — **  No  one  will,  I  trust,  be  so  bold  as  to  affirm  that  an 
uninterrupted  glacier  could  ever  have  extended  from  Shap  Fells  to  the 
coast  of  Holdemess,  and  borne  along  the  blocks  of  granite  through 
the  whole  distance,  without  any  help  from  the  floating  power  of 
water.  The  supposition  involves  difficulties  tenfold  greater  than  are 
implied  in  the  phenomenon  it  pretends  to  account  for.  The  glaciers 
descending  through  the  valleys  of  the  higher  Alps  have  an  enormous 
transporting  power :  but  there  is  no  such  power  in  a  great  sheet  of 
ice  expanded  over  a  country  without  mountains,  and  at  a  nearly 
dead  level.'* 

The  various  Arctic  voyages  made  of  late  years  have  shown  that 
the  drifting  of  pack-ice  is  more  often  due  to  winds  of  constant 
direction  acting  upon  the  many  slight  irregularities  of  the  ice,  than 
to  currents  affecting  great  thicknesses  of  the  watery  strata  below. 

^  See  the  writer's  paper  on  Brucklesham  Bed,  Journ.  Geol.  Soc.  vol.  xviii 
p.  74,  note. 
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Perhaps  tbia  baa  eoaroely  been  taken  inlo  eiifficietit  aoconnt  by  tbosa 
who  have  considered  the  transportatiou  of  baiildere  by  floating-ioe. 
If  there  really  was  e,  cODBidtrable  mid'glncial  submergenoe — of 
which  I  cannot  but  think  tiiere  is  ampl«  evidence  botb  in  Cumbria 
■nd  in  Wales— ie  it  not  quite  jioHeible  that  westerly  winds  prevailed 
at  certain  seasona,  which  might  drift  large  quantilies  of  boulder- 
bearing  ice  from  the  Shap  diatrict  witboot  the  aid  of  permanent 
ooean-currenta  1  ITio  difficulties  involved  in  the  theoriea  of  Meaare. 
CtoH,  Belt,  Goodchild,  and  others  of  the  same  extreme  school, 
certainly  press  upon  tne — and  I  think  I  may  say  alao  upon  othen  of 
my  colleagues — tncreaeiagly,  as  the  country  becomes  more  and  more 
familiar  in  its  features.  It  is  indeed  a  most  startling  thought,  as 
one  stands  upon  the  eastern  borders  of  Uie  Lake-mounlains,  to  fancy 
the  ice  from  the  Scotch  hills  stalking  boldly  across  the  Solway. 
marching  steadily  up  the  Eden  Valley,  and  persuading  some  of  tlie 
ice  from  Shap  to  join  it  on  an  excursion  over  Stainmoor,  and  bring 
its  boulders  with  it. 

The  outlying  northem  parta  of  the  Lake-district,  and  the  flat 
country  beyond,  have  indeed  been  ravaged  in  many  a  raid  by  our 
Scotch  neighbours,  but  it  is  a  question  whetlier,  in  glacial  times,  the 
Cumbrian  mountains  and  Pennine  chain  had  not  strength  in  their 
protruding  icy  arms  to  keep  at  a  distance  tlie  io«  prooeedtng  from  the 

^  district  of  the  sonthem  uplands,  the  mountains  of  which  are  not 
wwperioT  in  elevation.  Let  us  hope  that  the  oarefiil  geological 
observations  which  will  doubtleKS  be  made  in  the  forthcoming 
teienlijk  Arctic  Expedition  will  throw  much  new  light  on  our  past 
glacial  period.  J.  Uliftok  Wabd. 

Kmwics,  Afrit  2WA,  1S7G. 

THE  MECHANISM  OF  STEOMBOLI.' 

Sm, — It  is  quit«  immaterial  to  the  validity  of  the  mechanism  of 

Stromboli  which  I  have  suggested  (Proc.  Boy.  Soc.  1874)  whether 

the  bottom  of  the  crater  be  3U0  to  40U  feet,  or  be  2,000  feet  above  the 

sea-level,  as  no  physicist  reading  the  above  paper  can  fail  to  see. 

WsBTlHjrsTia,  IB  May,  1876.  BOBT.   MauJCT. 


SPHEmSCRVS  EAMATUS,  A  EKETIC  FOSSIL. 

Bin, — I  beg  to  record  my  discovery  a  few  days  since  of  a  large 
Sphenonrhu*,  in  the  bone-bed  of  Aust  Cliff,  a  genns  hitherto  unknown 
in  the  Rhrotic  formation.  I  have  compared  it  with  a  specimen  of 
S.  hamntug  in  the  Bristol  Museum,  obtained  from  the  Blue  Lias  at 
Keynsbam,  (an  unrecorded  find,  by-the-byc),  and  fail  to  find  any 
points  of  difference,  except  that  of  size  ;  the  Rhretic  specimen  being 
about  half  as  large  again  as  the  other,  which  agrees  well  with  the 
Lyme  Regis  type  figured  by  Agassiz.  Ralph  Tatb. 

92,  City  Boad,  Bhibtol,  May  I9th,  ISTS. 

'  See  Mr.  Paulelt  Scrope's  critical  eiamiiiatioD  of  Hr.  Mallet's  paper  id  the  Oiol. 
Mao.  for  1874,  New  Series,  Decade  II.  Vol.  I.  pp.  629-542.  See  also  Mr.  J.  W. 
Jodd'a  article  on  Sbomboli,  GsoL  M*o.  1S7S,  Dec.  II.  Vol.  II.  No.  V.  for  May, 
p.  210. 
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RED  BOCKS  OP  TYRONE  AND  DERRT  COUNTIES. 

Snt, — ^From  Mr.  Eetley's  paper  on  the  coals  ander  the  "Bed 
Bocks  "  of  South  Staffordshire,  we  learn  that  the  Coal-meastires  ander 
certain  circumstances  may  be  made  np  of  red  strata,  and  that  it  is 
ernmeons  to  class  all  such  red  rocks  as  Permian  or  New  Bed 
Sandstones. 

In  the  Counties  Tjrrone  and  Derry  there  are  some  of  these  doubtful 
aged  rocks.  The  highest  of  them  under  the  Chalk,  called  ''Bedfre," 
seem  to  lie  unconformably  on  the  others,  and  probably  to  belong  to 
the  New  Bed  Sandstone.  The  older  ones  were  in  part  classified  by 
the  late  General  Portlock  as  Old  Bed  Sandstone,  and  in  part 
as  Carboniferous,  but  now  the  general  belief  seems  to  be  that  Uiey 
belong  to  the  Permian.  During  a  brief  examination  of  the  country 
made  some  time  since,  I  found  in  places  among  the  Coal-measure 
rocks  (which  I  supposed  to  be  the  equivalent  of  the  lower  Scotch 
Coal-measures,  such  as  occur  in  the  neighbourhood  of  Edinbui^h) 
considerable  tracts  of  these  red  strata,  which  led  me  to  suspect  that 
meet,  if  not  all,  these  red  rocks  of  the  Counties  Tyrone  and  Deny  are 
portions  of  the  associated  Carboniferous  rocks.  Time,  however,  did 
not  allow  me  to  investigate  the  country  minutely.  In  favour  of 
their  being  Permian,  there  are  fossils  said  to  belong  to  the  Permian 
type,  that  have  been  found  in  at  least  one  locality  ;  but  are  not  these 
so-called  Permian  fossils  very  like  stunted  and  ill-favoured  forms  of 
the  Carboniferous  fossils,  and  like  what  we  might  expect  to  meet  in 
those  portions  of  the  Carboniferous  sea,  where  the  water  was  im- 
pregnated with  iron  or  some  other  substance  adverse  to  the  growth 
and  proper  development  of  animal  life  ?  G.  H.  Kinahak. 


THE  VOLCANIC  DUST  OF  BARBADOES,  1812. 

Sir, — ^When  reading  the  interesting  paper  by  Dr.  Flight  on  the 
**  History  of  Meteorites  "  ^  in  the  April  Number  of  the  Geolooioal 
Magazine  (p.  159),  I  found  a  reference  to  the  composition  of  the 
Volcanic  Dust  which  fell  on  the  Island  of  Barbadoes  daring  the 
great  eruption  of  the  volcano  of  Le  Souffrier,  in  St.  Vincent,  in 
1812,  described  by  Humboldt,  and  more  recently  by  Lyell,'  Daubeny,' 
and  Scrope.*  Having  just  received  some  of  this  dust,  placed  in  my 
hands  for  microscopical  examination, — which  had  been  collected  by 
a  relative  of  mine*  at  that  time  resident  in  Barbadoes, — I  have 
thought  it  may  be  worth  while  to  note  the  results. 

It  may  be  as  well  to  premise,  that  this  eruption  was  preceded  by 
the  great  earthquake  of  Caraccas  in  Venezuela,'  which  commenced  on 
the  26th  March  of  the  same  year,  and  was  felt  all  along  the  valley  of 
the  Mississippi  and  the  West  Indian  Islands.  The  eruption  of  Le 
Souffrier  took  place  about  a  month  afterwards,  namely,  on  27th 
April,  opening  by  a  grand  discharge  of  ashes,  which  commenced  to 

*  Dr.  Flii^ht's  articles  on  Meteorites  commenced  in  Geol.  Mao.,  Jan.,  1875. 

'  "  Principles  of  Geology,"  vol.  ii.  '  Daubeny,  Volcanos,  'ind  pdit.  p.  469. 

*  Scrope  on  Volcanos,  p.  432.  *  The  late  Mrs.  C.  T.  Cooke,  of  Cheltenham. 

*  See  Geol.  Mao.  1871,  Vol.  VIII.  p.  348. 
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fall  on  the  night  preceding  the  Ist  May  on  Barbodoee,  rendering  t<be 
eky  dark  at  noonjny,  and  finally,  after  three  days  conlinuunce, 
covering  all  the  surface  of  the  country  with  a  hideous  jial!  of  dark 
brown  nehes,  which  it  took  many  a  day  to  remove. 

I  well  remember  hearing  my  dooeasod  relatiTe  describe  the  horror 
and  conBtemation  which  pervaded  tho  boiiBehold  and  district  on  that 
fatal  May  Day,  which  realized  to  the  mind  one  of  the  pLigues  of 
Egypt  Tlie  dust  appears  to  the  naked  eye  as  an  exceedingly  fioe 
impalpable  powder,  of  a  rich  brown  colour;  with  an  ordinarj' 
pocket-lens  the  grains  are  distinctly  visible. 

The  distance  from  the  volcano  tu  Barbadoes  is  exactly  100  English 
miles,  and,  as  Daubeny  observes,  it  is  remarkable  that  Uie  ashes  were 
carried  to  Barbadoes  notwithstanding  the  east  wind  which  was 
blowing  at  the  time,  proving  the  existence  of  an  upper  and  counter 
atmospheric  current.  As  the  volcanic  mountain  rises  4,740  ft.  above 
the  sea,  the  dust  may  have  been  blown  to  a  height  of  8,000  to  10,000  ft.. 
and  thus  come  within  the  influence  of  an  upper  current  of  air. 

With  an  objeotive  power  of  fifty-five  diameters,  the  dust  is  seen 
to  consist  of  angular,  or  subangular  grains  of  a  translucent  reticulated 
mineral  amongst  which  are  disperaed  black  particles,  sometimes 
angular,  and  a  very  few  others  of  a  rounded  form  and  bronze  coloar. 
On  examining  the  translucent  grains  with  the  polariscope,  and  under 
several  different  magnifying  po were,  it  became  evident  they  consist  of 
r  fclepar.  The  strncture  is  reticulated  and  in  a  very  few  cases  banded  ; 
but  owin^  to  tho  irregularily  of  the  forms  of  (he  isvnms.  i  was  unable 
to  determine  to  which  class  of  the  felspars  they  are  referable.  My 
impression  is  that  they  are  the  dust  of  sanidine,  and  of  a  small 
proportion  of  plagioclase ;  such,  in  fact,  as  would  result  from  the 
ponnding  np  of  trachyte.  The  black  grains  are  those  of  magnetite, 
and  on  placing  a  small  magnet  near  the  dust,  a  movement  is  im- 
mediately observed  amongst  the  grains,  which  increases  in  intensity 
as  the  magnet  approaches  contact. 

It  would  be  interesting  to  determine  chemically  whether  or  not 
titanic  acid  is  present,  but  I  fear  the  grains  are  too  minute  for  such 
a  determination.  The  bronze -co  loured  grains  are  probably  pyrites ; 
they  are  opaque,  hut  slightly  translucent  around  the  margin.  I  did 
not  obser\-e  any  other  mineral  substance.  Edward  Hduu 
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April,  the  ninth  oTdinaTy  meeting  of  the  present  eeaaioD  of  tbe  Royal  Society  vu  held 
in  the  Rovnl  Institution-  Professor  Kulland,  Vice-President,  in  the  Chair.  Profenor 
Geilcie  addrossed  the  Society,  eiploining  at  length  the  grounds  on  which  the  Council 
had  Bwnrded  thi!  Ncilt  pHze  for  the  triennial  peHod  1871-74,  to  Mr.  Charles  Willi im 
Peach  for  hia  contributions  to  Scottish  Zoology  and  Geology,  and  fur  his  recent 
contri but ioUH  to  fossil  Bolanj.  Ur.  Poach,  the  I*rofei<sor  suid,  had  mnteriallv  increwed 
our  arquointunce  with  the  marine  fauna  of  the  British  seas  :  he  hud  made  Vnown  the 
ne*t-huilding  hahile  of  fiehet  and  mollusca,  anii  hail  made  important  contributions  lo 
fossil  botany  and  palicantotogy.  Profewor  Eelland,  in  presenting  the  medal,  said 
that  Mr,  Peuch  had  cultirated  science  disinlereatedly  and  in  the  face  of  aatiuv,  and 
not  from  hooka  at  second-hand. 
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L ^NOTES   ON   THE   VoLCANIC   ERUPTIONS   IN   ICELAND. 

By  G.  PouLBTT  ScBOPB,  F.R.8.,  F.G.S.,  etc.,  etc. 

ICELAND — that  land  of  Frost  and  Fire,  an  island  which,  though  as 
large  as  Ireland,  is,  apparently,  but  a  crust  of  hardened  lava  over 
ft  seething  cauldron  of  the  same  substance,  bearing  on  its  frozen  sur- 
fiioe  eternal  snows  and  glaciers — has  been  this  year  in  extraordinary 
oommotiony  socially  and  politically,  as  well  as  physically.     It  has 
celebrated  the  millenary  of  its  colonization,  and  for  the  first  time  in  this 
long  period  received  a  visit  from  its  sovereign ;  while  it  has  been  so 
^levastated  of  late  by  frequent  fiery  eruptions,  the  ashes  from  which 
destroy  its  pasturage — the  only  resource  of  the  islanders — as  to  have 
^ven  them,  it  is  said,  to  the  desperate  resolve  to  emigrate  en  inaaae, 
*od  leave  their  native  land  for  a  safer,  at  least,  if  not  a  more  genial 
'Bsidence,  in  the  far  North-West  of  the  American  Continent. 

Within  the  last  month  intelligence  has  arrived  of  eruptions  of  a 
^ore  than  ordinary  violence  having  occurred  in  the  high  snowy  dis- 
^ct  to  the  north  of  VatnajiikulL 

The  following  extract  from  the  ScotsmaUy  under  date  of  May  21st, 
18  "  from  an  occasional  correspondent  '*  of  that  paper : 

"  The  Tolcanic  disturbances  in  the  north  of  Iceland  (mentioned  in  the  Scotsman  in 
^prilj  still  continued  when  the  last  mail  from  that  part  of  the  island  reached 
^ykjavik.  There  seems  to  be  a  line  of  volcanic  activity  all  the  way  from  Vatna- 
jokud  to  Skjalfandafloi,  a  distance  of  about  100  miles.  Volcanic  outbursts  on  this 
^e  have  been  frequent  during  the  last  four  vears.  They  have,  however,  been  con- 
J^ed  to  the  south  end  of  the  line  in  Vatnajokull  till  the  present  year.  During  the 
^t  three  months  of  this  year  the  volcanic  outbursts  have  ccmtinually  been  moving 
''^f'rth wards,  but  always  continuing  in  the  same  line.  They  are  just  now  traversing 
*^e  sandy  deserts  lying  between  the  inhabited  district  Mijvatns  sveit  on  the  west  and 
^e  river  Jokuls^  on  the  east. 

On  the  12th  of  March,  the  spot  where  one  of  these  outbursts  occurred  was  visited 
^y  some  of  the  inhabitants  of  Mijvatns  sveit.  This  spot  is  close  to  the  outburst 
'^^'^ntioned  in  the  6W«iMan,  just  about  a  mile  further  to  the  north.  There  were 
fifteen  ditferent  craters  close  to  each  other,  and  during  forty-eight  hours  they  had 
^lutiwn  up  a  wall,  or  ridge,  of  lava  about  sixty  feet  high,  and  further  covered  the 
?^ound  round  about  them  with  heaps  of  lava,  thus  forming  a  lava  tract  about  live 
^ile*  long,  and  half  a  mile  broad. 

An'»ther  visit  wm  made  to  the  volcanic  line  on  the  4th  of  April.  The  locality 
^•^ited  on  this  occasion  was  south-east  of  a  hill  called  Biirfell,  and  a  short  distance 
^■^  of  the  river  Jokulsk.  Jlere  three  large  craters  were  found,  and  on  the  west 
'^de  of  them  a  large  riit  had  Ixjen  formed  and  the  ground  sunk  about  IS  feet.  The 
Craters  were  here,  as  at  the  other  place,  in  a  straight  line  from  north  to  south,  the 
'^^rthernmost  being  the  largest.  This  crater  had  an  oblong  form.  Its  mouth,  or 
*lifc  opening  from  which  the  fire  issued,  reached  the  enormous  lenglli  o\  tS^\Q  -svix^* 
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From  diSereot  parts  of  thU  wide  npening  ealamnt  of  liquid  jlri  aere  eoniitiMtUy  ritinf 
to  the  Illicit  s/SQO  fell.  Samctimti  u  mUlT  U  thirtj  mich  eolumtu  riHo  t'l^eUiM' 
■t  B  short  di^tnnce  from  ench  othpr.  Tile  onlbunta  were  intennill*nt.  Al  oni'  time 
muny  colunnu  middenly  nae  at  the  same  time,  then  subnded.  und  afti-r  a  fev  miiiutu 
Tose  again.  Inside  the  enonnous  cauldron  there  seenia  to  be  o  loltc  o(  liquid  fire, 
which  the  iteam  throws  np  to  the  hetgLt  mentioned.  The  coluoins  »am  quite  entid 
nntil  Ihej  hUTe  reached  their  grcjilcnt  height,  then  the  topg  npreAd  ont  nod  mtlcT 
■  ruin  of  molten  Idtb  all  roond.  The  toIcuio  ie(>med  to  not  on  tho  Hime  priticiplc  u 
the  hot  apringi,  with  this  difference,  thst  the  Toluno  not  foith  taluann  ef  h^nid 
firt,  or  Hiallen  lava,  inBtood  of  hot  wat«r,  und  Ih^  columiu  rose  to  ■  for  grcalDr 
height  tlisD  that  of  the  hot  spring.  That  it  was  dCeam  which  sent  tko  liquid 
fire  into  the  air  ia  further  proved  by  the  tact  that  the  outbursts  were  accompanied 
by  n  tremendani  roar,  aa  if  hundreds  of  steun-boilers  were  acting  together,  and  con- 
tinual reports  were  heard  in  the  crater  when  the  staam  bubbles  were  bursting.  Thii 
eruption  naa  accompanied  b^  no  smoko,  or  discharge  of  ashes,  but  a  Benii-trangparent 
steam-cloud  rested  oier  the  shole. 

As  this  ernption  has  to  this  time  been  eoBfined  to  the  uninhabited  parts,  and  hu  I 
Dot  discbargod  any  oshea,  it  ha.^  not  done  any  damage;  bnt  should  Ihe  outbunb  . 
follow  up  the  same'  Itue  much  further  (o  tbe  north,  boU)  ths  Mijiatns  sreit  and  the  I 
districts  furthor  uorlb  will  be  in  the  groBlest  donfcer. 

On  the  29th  of  March  an  outbarit  took  nlace  Bomewhare  in  the  interior,  nu»t 
probably  near  the  sources  of  the  Jiiknlsji,  and  a  large  rimuitity  of  asliea,  to  the  depth 
of  three  inches,  tell  in  the  east  of  Iceland,  in  the  districts  on  both  aidee  of  the  rirer,    i 
or  rather  lake,  called  LagarQi6t,  and  in  the  middle  of  the  day  tbe  whole  neigbboor- 
hood  WHS  enveloped  in  lutal  darkaess.     The  ashes  from  this  outbreak  were  carried  u     I 
&r  as  Norway.    This  eruption,  altboogh  farther  avuy  from  the  inhabited  parts,  lua    i 
caused  mnch  more  damage  than  the  other  ones,  because  tbe  pastnra  hare  bean 
deetroyed  in  the  districia  where  the  ashea  foil,  and  the  aheep  have  to  be  driTen  awajr 


AcDording  to  the  last  aocounts  from  the  north,  all  the  Toleamo  TOits  which  hare    ' 

been  opened  thi«  year  Boemed  to  be  in  full  actiiity.  The  plore  of  the  fire  was  taea 
in  dislrintii  nvie  xlmn  n  hundred  milts  distant  from  the  iittuu.!  seat  of  tbe  vr.>lranos, 
and  even  in  the  south  some  slight  shocks  of  earthquake  are  felt.  The  weather  still 
continuea  uncommonly  mild  and  fine,  and  by  some  this  is  attribnted  to  the  rolcanic 

This  statement  doee  not  appear  to  emanato  from  any  ecientific 
authority ;  and  in  some  respects  tt  ia  not  quite  clear.  The  maiu  fea- 
turea  of  the  phenomena  deacribed,  and  the  most  remarkable,  are  ; 

1.  The  arrangement  of  the  points  of  eruption  in  lines  stretching 
from  south  to  north,  on  one  of  which  no  Igbb  than  fifteen  different 
craters  (cones)  were  thrown  up  close  to  each  other. 

2.  On  a  continuation  of  the  same  line  the  further  production  of 
three  large  crater-cones,  one  of  them  having  an  oblong  form,  mark- 
ing a  trench  or  rent  no  less  than  600  yards  in  length,  filled  with 
liquid  fiery  lava  which  was  thrown  up  in  columns  of  liquid  fire,  from 
successive  points,  to  the  height  of  300  feet ;  as  many  as  thirty  such 
coluDins  rising  together  at  a  short  distance  from  each  other  at  the 
same  time. 

Such  an  eruption  must  hare  given  rise,  not  so  much  to  separata 
regular  cones  of  scorise,  as  to  a  continuous  ridge-shaped  hill,  of  which 
examples  not  unfrcquently  occur  in  volcanic  districts. 

3.  Tliis  eruption,  which  is  said  to  have  been  in  activity  on  the  4th 
April,  discharged  no  ashes ;  while  on  the  29th  March  another  out- 
burst, more  to  the  east,  produced  clouds  of  ash  which  not  only 
covered  tbo  east  of  the  islaml,  but  were  carried  as  far  as  Norway 
and  Swollen.  This  latter  fact  is  confirmed  by  Prof.  Kjerulf,  of 
CLristiauia,  who  examined  the  dust,  and  found  it  to  consist  of  finely 
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comminnted  pumice,  proving  the  lava,  from  the  trituration  of  which 
it  proceeded,  to  have  been  a  highly  siliceous  trachyte.  The  apparent 
absence  of  ash-clouds  from  the  first-named  eruptions  may  perhaps 
be  attributed  to  the  winds  prevailing  at  the  time  having  driven  them 
in  the  direction  contrary  to  the  observer's  line  of  sight,  since  it  is 
difficult  to  suppose  that  continuous  explosions  of  fragmentary  lava, 
at  first  liquid,  but  soon  of  course  consolidated  in  that  cold  climate, 
should  not,  by  the  repeated  hurtling  together  and  trituration  of  their 
substanoes  in  the  air,  as  they  rose  and  fell  successively,  have  produced 
considerable  clouds  of  ash,  that  is,  of  comminuted  lava  or  pumice. 

We  shall  look  with  some  interest  to  the  further  and  more  detailed 
accounts  of  these  Icelandic  eruptions,  which  may  be  expected  to 
arrive  before  long ;  especially  as  several  English  explorers,  and  par- 
ticularly Mr.  Watts,  who  last  year  penetrated  the  VatnajokuU,  which 
no  one,  it  is  supposed,  not  even  a  native  Icelander,  had  ever  Sodden, 
are  at  present  re-exploring  the  same  interesting  district. 


n. On   THB   GaULT   APOHRHAiDJH. 

By  J.  Stabkib  Gardnib,  F.G.  3. 

(PLATE  VII.). 

{Continued  from  page  203.) 

Group   4   (eaniinued), — ^Apobbhais    Pabkinsoni,    var.    Cunningtoni, 

Gardner.     PL  VII.  Fig.  1. 

Shell  elongated,  spire  composed  of  many  convex  whorls,  which  are 
Tcry  finely  striated,  2  or  3  of  the  striae  being  very  distinct  and  wide 
apart  in  front  of  the  sutures.  The  last  2  whorls  have  10  or  11  and 
the  other  whorls  have  14  or  16  well-marked  ribs,  with  occasional  var- 
ices. On  the  last  whorl  there  is  a  slight  angularity  in  place  of  keel. 
The  wing  exactly  resembles  that  of  A.  Farkinionif  and  in  this  may 
be  distinguished  from  that  of  A,  ManteUi,  The  anterior  canal  is 
moderately  long. 

The  form  here  described  is  intermediate  in  character  between  A, 

ParkinBoni  and  A.  ManteUi j  differing  in  the  number  and  development 

of  the  ribs  from  the  former  and  in  the  shape  of  the  wing  from  the 

i       latter.     The  specimen  was  obtained  by  Mr.  Cunnington  from  the 

Upper  Greensand  at  Devizes,  and  is  now  in  the  British  Museum. 

The  next  species  described  cannot  be  placed  satisfactorily  with 
any  of  the  groups  just  indicated.    From  the  species  being  founded  on 
&ti  unique  shell,  it  is  just  possible  that  it  may   bo  an   abnormal 
Variety. 

Apobbhais  macbostoma,  Sowerby.     PI.  VII.  Fig.  2. 

Deicription, — Shell  elongated,  spire  composed  probably  of  7  or  8 
^c>nvex  whorls.  Each  whorl  has  two  principal  keels,  which  are  pro- 
•'<=>iiged  on  the  last  into  ridge-like  supports  to  the  wing.  The  first 
^^^liorl  remaining  on  the  specimen  now  described  (probably  the  3rd 
^^**  4th  from  the  apex)  is  strongly  ribbed  transversely,  and  the  two 
r^'^rinsB  are  very  salient ;  the  next  whorl  has  only  traces  of  the  tibbvii 
^  Xt  in  the  form  of  widely  separated  tuberculatious  on  t\i^  cax\\i«>,  i 
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this  oud  the  penultimate  wborl  a  subordiuatfi  keel  appears  between 
the  two  principal  ones ;  tbe  bodj-whorl  is  ornameuted  in  addition 
by  Bpiro!  striie  arranged  1  above,  3  between,  and  G  below  tbe  carineg 
— a  BUtural  keel  alBO  becomes  visible. 

The  wiDg,  whiob  is  exceedingly  expanded,  is  supported  by  3  strong 
ridges  or  spines.  2  of  the  spines  being  prolongiilioue  of  the  carinie 
inentiouod  above,  and  tlic  third  taking  the  place  of  the  anterior  canal. 
There  were  also  two  iutemiediate  spines  rising  from  the  margin  of  tbe 
wing  and  dying  away  before  reaching  tbe  body  of  the  shell,  only 
one  of  these  reuiaina  on  the  figured  specimen.  The  wing  had  thus  ■ 
five  points.  Tbe  middle  spine  is  unfortunAtely  broken  away,  but 
there  is  no  doubt  that  it  was  present  on  tbe  shell-  The  anterior 
spine  or  canal  is  curved  backward,  and  there  is  a  curious  and  un- 
usual triangularifomi  cxpnnsion  to  the  left  of  the  oanal. 

After  careful  examination  uuder  the  microscope,  the  slightest  trace 
only  {and  I  am  most  doubtful  whether  it  really  is  a  trace)  of  at- 
tachment of  the  wing  to  the  spire  is  apparent,  and  I  am  now  inclined 
to  think  that  the  wing  expansiaii  did  not  extend  up  the  spire,  but 
that  its  upper  termination  shown  in  the  figure  is  the  actual  posterior 
margin  of  the  pterygoid  process. 

Hiilory. — Sowerby  figured  this  shell  in  the  Geol.  Trans.,  2nd 
series,  vol,  iv.  pi.  xviii,  fig  23.  No  second  specimen  I  believe  luis 
been  found.  The  fossil  figured  by  Briart  and  Comet  as  this  species 
in  no  way  resembles  it. 

Locality. — Blackdown. 

I  am  indebted  to  the  courtesy  of  Mr.  E,  B.  Tawney  for  the  op- 
portunity of  examining  this  unique  shell,  ns  well  as  the  original 
specimen  of  A.  relasa,  figured  by  Sowerby  on  the  same  plate.  I 
may  here  state  that  this  latter  is  identical  with  the  Folkestone  and 
Lyme  Regis  shells. 

Since  writing  tliese  notes  on  Aporrhaida;,  I  have  had  an  oppor- 
tunity of  examiniug  the  Neocomiau  forma,  descnptions  of  wbicb, 
together  with  those  of  a  few  species  formerly  uuknowu  to  me,  will 
be  found  in  the  following  supplement. 

Supplement. 

Group  1  (see  p.  52).     PI.  VII.  Fig.  3. 

AporrhaVs  Morbavsiana,  D'Orb, 

DeteripHon. — Shell   thinner  and  more  elongated  than  that  of  A. 

Fittoni,  and  less  delicate  than  A.  relusa,  the  spire  being  composed  of 

S  or  6  whocle,  ribbed  spirally  and  forming  a  slightly  convex  angle. 

As  in  most  species  of  this  group,  the  last  whorl  only  is  seen  to  be 
bicarinated,  the  anterior  keel  being  bidden  by  the  suture  in  the  re- 
niniiider.  The  whorls  composing  the  spire  are  very  angular,  much 
more  so  than  in  A.  Fltloiii.  On  the  last  whorl  tliere  are  at  least  2, 
generally  3  s|)iral  strire  between  the  keels,  3  striie  above  the  posterior 
keel,  and  i  or  5  below  the  anterior  keel.  The  two  keels  are  not 
very  prominent,  and  are  Bomewliat  rounded,  the  posterior  on©  pro- 
doniiuaies,  and   is  slightly  tuberculated.     The  keels  are  continued 
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into  long  curved  digitations,  the  digitations  being  acoompanied  for  a 
short  distance  by  expansions  of  the  shell,  and  being  less  angular  and 
acute  than  those  of  A,  retusa.  There  is  a  short  posterior  canal  ac- 
companying and  attached  to  the  spire,  but  I  am  not  fully  acquainted 
with  the  length  and  development  it  attains.  The  anterior  canal  is 
bifarcated  near  its  commencement,  and  is  then  abruptly  recurved  to 
the  left.  There  is  a  well-marked  sinus  between  this  canal  and  the 
anterior  digit — ^another  deep  round  notch  between  the  two  digits  of 
the  wing.  The  wing  has  altogether  an  angular  appearance.  This 
shell  is  readily  distinguished  from  A,  Fittoni,  with  which  it  is  some- 
times found  associated,  by  the  more  elongated  and  angulated  spire, 
and  the  number  of  ribs  on  the  last  whorl. 

HiBiory. — ^There  is  very  little  doubt  that  this  is  the  Pi,  Korean- 
siana  of  D*Orbigny,  Terr.  Cret.  vol.  ii.  p.  301,  pi.  211.  It  is  the 
PL  retuaa  of  Fitton,  Quart.  Joum.  Geol.  Soc.  vol.  iii.  from  the 
"  Cracker  rocks,"  and  it  is  probably  identical  with  the  shell  described 
by  Pictet  and  Campiche  in  the  Terr.  Cr^t  de  Ste.-Croix,  p.  679,  as 
Pt.  btcarinata,  Sowerby.  These  learned  authors  noticed  the  tendency 
of  the  posterior  carina  to  predominate,  and  their  figure  7,  pi.  xci,, 
shows  the  bifurcation  of  the  anterior  canal.  The  figure  of  PL  ma- 
croBtoma,  pi.  ii.  fig.  3,  of  Briart  and  Cornet's  Meule-de-Bracquegnies 
may  also  have  been  drawn  from  a  fossil  of  this  species.  It  is  the 
Pt.  relnsa  from  Atherfield,  of  Mantell,  Forbes,  Morris  and  other 
British  authors. 

Distribution, — Atherfield  (Brit.  Museum  and  Geol.  Soc.  Museum), 
and  Peasemarsh,  near  Guildford  (in  Mr.  Meyer's  collection).  It  is 
not  possible  for  me  at  present  to  define  its  continental  range. 

Aporrha'is  Fittoni,  Forbes.     PI.  VII.  Fig.  4. 

Description, — Shell  rather  thick,  shaped  very  like  the  preceding, 
the  spire  being  composed  of  five  spirally  striated  whorls.  The 
penultimate  whorl  has  three  keels  and  several  stride  visible,  which 
disappear  on  the  upper  part  of  the  spire,  or,  more  correctly  speaking, 
are  reduced  to  the  same  prominence  only  as  the  stria) ;  the  upper 
whorls  are  inflated  and  ornamented  with  five  or  six  ecpial  spiral 
lines,  which  are  decussated  by  lines  of  growth.  On  the  body-whorl 
the  carinae  and  striao  are  much  coarser,  more  prominent,  and  more 
rounded  than  in  the  last  described  species.  Above  the  posterior  keel 
there  are  two  faint  striae ;  between  the  keels  is  a  single  pronounced 
riblet ;  below  the  anterior  keel,  are  three  strongly-marked  strine,  and 
l>eneath  these  are  one  or  two  more  faintly  marked  lines.  The  two 
carina)  are  more  or  less,  but  sometimes  very  strongly  tubcrculated, 
and  are  continued  into  strong  linear  curved  digits ;  there  is  also  a 
long  and  elegant  posterior  canal  attached  to  and  extending  far  be- 
yond the  spire;  it  is  recurved  gracefully  to  the  left.  There  is  an 
expansion  of  the  shell  on  the  upper  side  of  the  posterior  dif^it  ac- 
companying it  for  a  short  distance,  and  terminating  abrnptl}'  in 
an  angle — a  similar  expansion  occurs  on  each  side  of  the  anterior 
digit.  The  anterior  canal  is  long  and  recurved,  and  has  not  been 
observed  ever  to  become  bifurcated.     The  sinus  is  'woW  \\\tviV.^^% 
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Hittory. — Described  by  Forbes  as  a  FteroceTat  in  1845  Ui  the 
Quart  Joarn.  of  the  Geol.  Soc.  vol.  i.  p.  351,  pi.  iv.  fig.  6;  referred  to 
by  Fitton  in  toI.  iii.  ae  occurring  in  bed  5a  of  the  "  Cracker  nodulos ;  " 
and  figured  by  Mantcll  in  the  Qeology  of  the  Isle  of  Wight,  1847, 
aa  Fl.  retusa.  The  references  to  Pi.  reluta  trom  Atfaerfield,  in 
other  works,  should  be  read  as  A.  Moreausiana.  Tlie  original  speci- 
men figured  by  Forbes  is  in  the  Museum  of  the  Geological  Society, 
it  is  remarkablo  for  the  great  prominence  of  the  tubercles  on  the 

r        oarinaa. 

\  Dittribiilion. — Atherfiold  ;  not  Litherto  noticed  on  the  Continent. 

ArpoRBA'is  HisTOCHiLA,'  Gardner.    PI.  VII.  Figs.  B  and  6. 

Dtieription. — Shell  apparently  thinner  than  that  of  the  last  species, 
but  having  the  same  general  form.  It  is  bicaiinated  and  finely  stri- 
ated, the  front  part  of  the  shell  is  Ini'ger  than  that  of  J.  Mortatuiana, 
and  has  more  and  seemingly  better  defined  strire.  The  spire  is 
depressed,  with  rotmded  whorls.  The  atrias  are  arranged  three  or 
four  on  tlie  region  above  the  posterior  keel,  four  between  the  keels, 
eight  or  nine  anterior  to  them.  The  keels  are  prolonged  into  digita- 
tiiins,  which  sustain  or  strengthen  a  broitd  expanded  wing,  continued 
to  the  apex  of  the  spire ;  of  these  digits  the  more  anterior  is  veiy 
straight  and  projected  downward,  the  second  is  curved  upwird. 
Borne  of  the  strite  above  the  pnstorior  keel  of  the  body-whorl  are 
continued  on  the  wing,  and  follow  the  curves  of  the  adjacent  digit. 
There  is,  probably,  a  jioMterinr  canal  of  the  same  size,  and  recurved  in 
the  same  manner  as  in  A,  Moreausiana.  The  anterior  canal  is  not 
■very  distinct  on  the  specimen  figured,  but  it  seems  accompanied  by 
a  continuation  of  the  expanded  wing  to  near  its  end.  There  is  the 
characteristic  sinus  between  the  anterior  canal  and  the  front  digit, 
the  margin  of  the  wing  being  otherwise  entire. 

Tliis  shell  is  very  like  A.  Moreausiana,  but  the  shape  of  the  wing 
with  its  entire  margin,  the  rounded  instead  of  angular  whorU  of  the 
spire,  and  the  downward  and  straight  anterior  digit,  oombino  to  give 
it  &  distinct  aspect,  lliebody-whorl  is  larger  in  proportion  than  it  is 
in  the  two  species  just  described,  aud  this  character  might  seem  to 
identify  the  numerous  oasts  that  are  found  in  the  Upper  Greenaand  and 
Gault.  It  will  be,  at  all  events,  safe  to  consider  costs  resembling  this 
shell,  and  found  on  the  same  horizon,  to  belong  to  this  species,  instead 
of  to  A.  Fitloni  or  A.  MoreatttiatM,  which  characterize  the  Lower 
Greensand.  It  Is  distinguish eti,  in  common  with  the  two  last,  from 
A.  retuta  by  its  elongated  form,  the  leas  relative  prominence  of  the 
anterior  keel,  and  the  number  of  strife.  The  casts  from  Cambridge 
agree  with  this  in  form  and  in  the  number  of  strife  below  the  keels. 

Mietory. — This  species  has  been  variously  labelled  in  different 
museums — retuta,  Fittoai,  etc.  A  good  specimen  in  the  Geolc^ical 
Society's  Museum  is  labelled  Ft.  Rochatiana,  D'Orb.,  by  H.  de  la 
Becbe,  but  a  reference  to  D'Orbigny's  Prodrome  suffices  to  show  that 

Digtribulion. — Found  in  the  Upper  Greensand  of  Devizes,  Lyme 
'  From  I«Tit  K«bb»d,  and  x<<>^i  >  lip. 
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Regis,  and  Cambridge,  and  in  the  Gktolt  of  Folkestone;  it  would 
therefore  appear  to  have  a  wide  range. 

APOBBHAiS  OLOBULATA,  Soolej. 

This  shell  is  described  at  length  by  Professor  H.  G.  Seeley  in  the 
Annals  and  Magazine  of  Natural  History  for  April,  1861.  It  occurs 
in  the  Upper  Oreensand  of  Cambridge  and  Ashwell,  and  resembles 
those  previously  described  in  most  particulars,  but  is  of  smaller  size. 

Appobhais  ougochila,^  Gktrdner.     PI.  VII.  Fig.  7. 

Deaeription, — Shell  broad  and  ovate ;  spire  short  and  obtuse,  with 
five  very  angulated  whorls,  the  last  b^ing  equal  in  depth  to  the  other 
five.  All  the  whorls  possess  two  strongly-developed  keels  ;  though 
the  anterior  keel  is  hidden  by  the  suture  on  all  but  the  last  whorl, 
on  which  both  keels  are  particularly  distinct  The  whorls  are  finely 
striated  spirally ;  on  the  body-whorl  there  are  six  striee  above  the 
keels,  three  between  them,  whilst  anteriorly  it  is  strongly  striated  to 
the  canal.  The  carinas  are  extended  into  digits,  which  support  an 
expanded  lip,  continued  and  attached  to  the  spire  up  to  the  apex. 
The  canal  and  digits  of  the  specimens  examined  are  short,  and  the 
outline  of  the  lip  is  angular.  It  is  a  much  larger  shell  than  any  of 
those  described  as  belonging  to  this  group. 

History. — As  stated  in  the  March  Number  of  this  Magazine,  page 
124,  there  is  a  specimen  of  this  shell  named  H.  Mailleana  in  the 
D'Orbigny  collection  at  the  Jardin  des  Plantes.  This  must,  how- 
ever, be  an  error,  as  neither  the  description  nor  figure  in  the  Terrains 
Cretaces  resemble  it. 

Locality, — Grey  Chalk  of  Lyddenspout,  between  Folkestone  and 
Dover. 

AppobbhaI's  pachysoma,*  Gardner.     PI.  YII.  Fig.  8. 

A  small  ovate  shell,  composed  of  three  or  four  inflated  whorls  and 
an  expanded  wing.  The  body-whorl  is  very  large  in  proportion  to 
the  whole  shell,  is  rounded,  and  without  carinas.  The  spire  is 
depressed,  and  the  whorls  inflated  and  keel-less.  The  body-whorl 
has  about  fifteen  striae,  which  seem  to  be  finely  tuberculated.  The 
columellar  lip  appears  to  have  been  very  much  incrusted.  The  aper- 
ture is  crescentic,  and  the  outer  lip  is  developed  into  two  short 
canaliculated  spines,  and  is  terminated  anteriorly  and  posteriorly  by 
rather  short  and  slightly  recurved  canals,  the  posterior  one  being 
attached  only  to  the  body-whorl.  In  the  young  state  the  shell  would 
resemble  a  globose  form  of  Acteon.  It  differs  from  all  other 
Aporrhai'daB. 

Locality. — Grey  Chalk  of  Lyddenspout,  where  it  is  rare. 

Group  4. — Apobbhais  Kobinaldina,  D'Orb.   PI.  VII.  Figs.  11  and  12. 

Description, — Shell  elongated,  conical,  spire  composed  of  about 
eight  rather  inflated  whorls,  terminating  apically  in  an  obtuse  point. 
The  apex  under  an  inch-power  microscope  is  seen  to  bo  flattened, 
the  flat  region  being  composed  of  three  inflated,  turbinated  whorls. 

^  From  6?uyos  little,  x**^^'  ^  ^P-  ^  Tiom  iraxot  t\^^V^  owva.. 
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The  fourth,  which  is  the  first  descamling  the  spire,  is  seen  lo  be 
slightly  ribbed ;  as  the  whorla  increuse  in  size,  the  ribs,  which  are 
narrow  and  slightly  flesugus,  become  more  pronounced,  reaching 
their  mttKimmD  prominence  on  the  penoltimate  whorl,  where  they 
are  17  or  IS  in  numher;  this  number  is,  however,  Tariable,  ond  the 
riba  are  often  irregularly  distributed ;  on  the  last  whorl  they  be- 
come shortened  and  tuboroiilar  as  they  approach  the  out«r  lip,  and 
form  a  ridge  on  the  wing ;  this  whorl  is  slightly  angular  or  carinated, 
and  generally  carries  an  indication  of  a  second  anterior  keeh  All 
the  wjiorls'are  faintly  Btriated  spirally,  except  near  the  suture,  where 
two  or  thrae  etriie  are  strongly  marked.  ITie  outer  lip,  in  adults, 
is  produced  iato  an  expanded  wing,  prolonged  posteriorly  inio  an 
oblique  point;  tho  outer  margin  ia  nearly  straight,, and  anteriorly 
there  ia  a  slight  sinus.  The  wing  is  attached  to  the  penultimate 
whorL     Tlia  aperture  is  narrow  and  the  canal  elongated. 

History.— "YhXa  shell  is  generally  known  aa  R.  Bobinaldina  of 
D'Orbigny,  described  (1843)  in  tho  Pal.  Fr.  Terr.  Cret  vol.  ii.  p.  282, 
pi.  206,  f.  i  and  5.  Pictct  and  Camptche  separate  the  British  species 
from  that  of  D'Orbiguy,  which  has,  according  to  their  views,  a 
shorter  and  thicker  spire,  whose  length  does  not  equal  half  tliat  of 
the  whole  shell,  a  less  number  of  ribs,  and  these  shorter  on  the  last 
whorl.  They  appear  in  doubt,  however,  as  they  add,  "  ce  groupe  est 
.  difficile  et  renferme  encore  plusieura  eep^ces  inSditestm  mal  conunea." 
Not  having  hitherto  had  an  opportunity  of  comparing  actuiil  speci- 
mciiri,  I  am  not  in  a  position  to  decide  the  qvi-'Slion,  ami  jesi'ive 
comment  for  a  future  occasion  ;  but  it  is  not  unlikely,  if  the  forms 
are  really  distinct,  that  they  both  occur  in  England,  some  casts  in 
the  Geol.  Soc.  Museum,  from  Shanklin  and  Pulborougli,  possessing  all 
the  characters  indicated  by  Pictot  and  Campiche.  A.  acvin,  P.  and  C, 
and  B.  Atpina,  are  closely  allied  forms.  A.  /implex,  D'Orb.,  belongs 
to  the  Chalk  Marl  and  Gault.  Among  English  authors,  J.  Sowerby 
first  described  it  aa  A.  Farkmaani ;  Forbes,  in  1845,  vol.  i.  Quart. 
Journ.,  recognized  its  similarity  with  H.  Sohinaldina,  D'Orb.;  Fitton 
in  (he  Quart.  Journ.  vol.  iii.  gives  it  an  extended  range.  Lower 
Perna  Beds  to  top  of  Cracker  Group,  bed  No.  9  ;  and  Manl«ll,  in  the 
Geology  of  the  Isle  of  Wight,  1847.  figured  this  shell  under  the 
last  adopted  name.  It  has  frequently  heen  included  in  lists  of 
fossils  since,  and  Mr.  R.  Tate  described  it  in  the  paper  several  limes 
previously  refen-ed  to. 

Distiibiition. —  Abundant  in  the  Lower  Greensand  of  Atherfield, 
Peasemarsb,  etc.  Pictet  and  Carapiche  name  it  as  occurring  in  the 
Lower  Aplien  of  Ste.-Croix,  Perte-du-Rhone,  and  VasBy.  They  have 
named  it  A.  ForbeiH. 

ApoRRnA'i'e  GLABHA,  Forbes. 

The  following  description  is  partly  taken  from  Forhes's  paper  in 
the  Quart.  Journ.  of  the  Gool.  Soc.  for  1845,  p.  350,  pi.  iv.  f,  5. 

Whorls  of  spire  convoi  and  finely  striated  spirally,  the  strife  near 
the  suture  being  so  deep  as  to  give  them  a  marginated  aspect,  and 
crossed  by  oblong  slender  riba,  which  are  not  very  numerous.     The 
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body- whorl  is  gently  rounded  and  nearly  smooth,  or  with  a  few 
spiral  strisB  only,  near  the  suture.  The  penultimate  whorl  is  also 
free  from  transverse  ribs.  The  lip  is  very  large  and  expanded,  pro- 
duced above  into  a  long  linear  spur.  In  front  the  lip  has  two  other 
diverging  spurs  of  a  lanceolate  form.  The  canal  is  long,  and  very 
slender.     Length  2^,  breadth  \\  inches. 

The  specimen  descrihed  by  Edward  Forbes  is  from  the  Atherfield 
Clay,  and  the  spire  has  quite  penshed,  but  the  form  of  the  wing  is 
still  perfectly  distinct  Other  specimens,  in  the  Geol.  Soc.  Museum, 
from  the  Cracker  rocks,  are  very  distinct,  and  show  very  delicate 
strise  all  over  the  upper  whorls.  Fitton  in  the  Quart.  Journ.  vol.  iii. 
gives  it  an  extended  range  at  Atherfield  in  the  Cracker  group,  viz. 
beds  5  and  5a,  6  and  9. 

Apobkhais  Dupiniana,  D'Orb.    PL  VII.  Fig.  1 3. 

DcMcription. — Shell  elongated,  composed  of  angulated  whorls ;  the 
angles  or  keels  of  each  are  situated  considerably  posterior  to  the 
middle  of  the  whorl,  and  are  ornamented  by  a  row  of  large  and 
strongly  marked  tubercles  on  the  convexity.  On  the  last  whorl 
there  is  a  salient  keel,  together  with  two  others  less  pronounced, 
anterior  to  it ;  these  three  keels  appear  to  preserve  faint  traces  of  the 
tubercles.  The  pterygoid  expansion  of  the  outer  lip  is  not  preserved 
in  the  only  specimen  I  have  examined,  but  Pictet  and  Campiche 
describe  it  thus, — "  Tlie  wing  is  large ;  the  principal  carina  is  pro- 
longed in  a  recurved  point :  there  is  a  sort  of  webbing  or  *  palmure ' 
between  this  point  and  the  spire,  the  wing  forming  an  expansion 
attached  to  the  first  whorls.  In  front  of  the  keels  the  two  other 
ribs  form  digitations  but  little  marked,  and  which  we  only  imperfectly 
know.  The  mouth  is  narrow  and  very  incrusted,  its  lip  being 
thickened.  All  the  shell  is  covered  with  longitudinal  striae,  of  which 
one  is  alternately  larger  than  the  other.**  The  shell  seems  strongly 
to  have  resembled  A.  pes-pelicanij  especially  in  the  attachment  and 
thickening  of  the  lip. 

History. — Named  R,  Dupiniana  by  D'Orbigny  in  the  Pal.  Fr.  Terr. 
Cret.  vol.  ii.  p.  281,  pi.  20G,  f.  1-3,  and  Chenopus  Dupiniana  in  the 
Prodrome.  After  being  mentioned  by  various  authors,  it  was  re- 
described  and  figured  by  Pictet  and  Campiche  in  the  Terr.  Cret.  de 
Ste.-Croix,  p.  589,  pi.  xcii.  f.  1-3. 

Distribution. — Found  in  the  Lower  Greensand  of  Sandown,  and  in 
both  the  Aptien  and  Neocomian  beds  of  Franco  and  Switzerland. 

EXPLANATION  OF  PLATE  VII. 

Fio.  1. — Aporrhaia  Parkinsoniy  var.  Cwmiuptoni^  Gardner.  From  a  specimen  lately 
purchased  from  Mr.  Cunningt^m,  by  the  British  Musoiira,  Devizes. 

Fio.  2.— a.  Mncrostoma^  Sowerby.  From  the  orijjinal  specimen,  now  in  the 
Bristol  Museum,  Blackdown. 

Fio.  3. — A.  Moreatmaua,  D'Orb.    Atherfield. 

Fio.  4.  —A.  Fittoni,  Forbes.     This  and  the  preceding  are  in  the  Brit.  Museum. 

Eio.  5. — A.  histochila^  Gardner.  Drawn  from  a  specimen  in  the  Geol.  Museum, 
Jermyn  Street.     From  Devizes. 

Fio.  6. — A.  histochila^  Gardner.     From  a  cast,  Cambridfre. 

Fio.  7. — A.  oligochila,  Gardner.   From  a  specimen  in  autiioi's  ci\imft\..  Cxx«^  ^ 


/.  If.  Judd—  On  Volcanot. 

Fio.  8. — A. paehytBmajGtaAitn.   FiDRi a. ■peeimen in  author's uMnct.   Qnjrniilk. 

IJoiJo!^     I  For  d«eription«e  next  Number. 

Fio.  \\.—A.   Sohinatdina  (?),  D'Orb.     From  a  epedmen  in  tha  author's  Mbinet. 

AtherGeld. 
Fio.  12.— A.  Sabtnaldina  (F),  D'Orb.   From  an  oaiuuaUy  develuped  apecimen  il  the 

Geol.  Museum,  jGrmjrn  Street. 
Fio.  13. _^.  DignniaHil,  D'Ocb,     From  ■  specimen  ia  the  GeoL  Uiueom,  Jetmjn 

Street     Ssndown. 

(lb  it  nnihidtd  in  our  tuxt  y^mier.) 

in. — CoHTKIBDTIONS   TO   THB    StCDT  Of  VoLOABOB. 

Bj  J.  "W.  JtTDD,  F.G.8. 

Tbb  Pohza  Island!. 

IF  tbe  line  passing  througli  those  three  grand  oentreB  of  volcanic 
nction — Vultur,  VeBiivius,  and  Epomeo — be  produced  to  the  west- 
ward, it  will  etrike  the  very  interesting  igneous  maseea  of  the  Ponza 
laianda.  These  ineiguificaiit  ialands,  which,  from  the  early  Homso 
times  down  to  the  present  day,  have  figured  in  liistory  only  as  places 
of  baiiishiaeut  for  criiuioaU,  possess  for  the  geologist  the  very  highest 
interest.  This  is  due  not  only  to  the  wonderful  cliaracterB  of  the 
rock-masses  which  oompose  them,  bul  also  to  the  admirable  manner 
in  which  these  are  exposed  to  our  study  by  the  extreme  denudation 
to  which  they  have  been  subjected. 

In  1785  Sir  "William  Hsmiilon  visited  these  islands,  and,  being 
greatly  struck  by  the  remarkable  features  which  they  present,  not 
only  gave  a  short  account  of  them  in  the  "  Fliilosophioal  Trans- 
actions," but  wrote  to  Bolomieu,  calling  his  attention  to  the  im- 
portance of  making  a  fuller  examination  of  them.  The  illustrious 
French  philosopher  spent  some  time  in  them  during  the  following 
year,  and  as  the  result  of  his  studies  his  "Memgire  sur  les  lies 
Ponces  "  was  published  in  1788.  In  the  year  1822  Mr.  Poulett 
Scrope  made  that  careful  survey  of  Ihe  whole  of  the  islands,  which 
enabled  him  to  lay  before  the  Geological  Society  in  1827.  his  well- 
known  memoir  upon  them,*  in  which  so  many  points  of  the  highest 
interest  in  connexion  with  the  characters  of  the  igneous  rocks  are 
for  the  first  time  discussed.  Lastly,  in  those  very  valuable  iuvesli- 
gations  concerning  the  microscopic  structure  of  rocks  and  minerals, 
which  laid  the  foundation  of  a  new  and  important  branch  of  geological 
science,  Mr.  Sorby  in  1858  largely  employed  the  very  remarkable 
rocks  of  Ponza,  which  the  researches  of  Dolomiou  and  Scrope  had 
shown  to  present  such  interesting  characters. 

After  the  detailed  description  of  the  Ponza  Islands,  accompanied 
by  elaborate  maps  and  sections,  contained  in  Mr.  Scrope's  jiaper, 
the  accuracy  of  which  I  have  had  the  opportunity  of  verifying, 
anything  like  a  general  memoir  upon  them  would  at  the  present  time 
be  quite  unnecessary.  There  are,  however,  certain  features  presented 
by  the  rock-masses  of  Ponza  which  appear  to  throw  important  light 
upon  some  of  the  at  present  "  open  questions  "  of  geology.  These  it 
may  be  desirable  to  call  attention  to  in  the  present  sketch. 

'  Coatinued  Irom  page  367.  *  Gw>V.  Trans,  aer.  ii.  toI.  ii. 
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The  Ponza  Islands,  wbioh  lie  off  the  entranoe  to  the  Oulf  of 
Gaeto,  fonn  two  smdl  groups  of  islets  aod  rocks,  which  are  evi- 
dently the  highest  points  of  submerged  tracts  of  oonaiderable  size^ 
for  roand  the  islands  the  depth  of  water  increases  very  gradually, 
utd  the  200-fathom  line  ia  only  reached  at  distances  of  abont  three 
oiiles  from  the  shores ;  yet  the  part  of  the  Mediterranean  immediately 
around  them  affords  soundings  up  to  700  fathoms  or  more,  as  in  the 
case  of  the  Lipari  Islands. 

Abont  thirty  miles  west  of  Isobia  rise  the  islands  of  YeutoHene 
ind  San  Stefano.  These  are  e\-idently  two  fragments,  which  have 
escaped  denadation,  of  a  great  voloano  composed  of  materials  precisely 
■imilar  in  ohaiaotei  to  those  forming  the  island  of  Ischia — namely, 
ordinary  trachytes  with  the  agglomerates  and  tuffa  derived  from  them. 
The  foundations  of  both  the  islands  consist  of  masses  of  rock  of  great 
hardness  and  solidity,  evidently,  as  shown  by  their  higtily  sooriaceous 
npper  aurfaoes,  portions  of  vast  lava-Btreams  ;  and  these  are  covered 
by  thiok  masses  of  more  or  less  stratified  tuffs  and  a^Iomerates. 
Ventotiene  is  one  mile  and  a  half  long,  by  half  a  mile  broad,  and  it 
rises  to  a  height  of  470  feet  above  the  sea-level.  The  form  asBumed 
by  this  island,  on  account  of  the  inclined  position  of  its  masaes  of 
lava  and  tuffs,  is  familiar  to  all  geolngiets  from  the  sketch  given  in 
Mr.  Sorope's  "Volcanos,"  page  209.  San  Stefano  is  similar  in 
charactor,  but  of  smaller  size,  being  less  than  half  a  mile  in  diameter, 
and  rising  to  a  height  of  only  272  feet  above  the  sea ;  its  form  is 
illnstnitod  in  the  accompanying  sketch,  Fig.  17.  By  an  elevation  of 
200  fathoms  the  sea-bottom  around  these  two  islands  would  be  con- 
verted into  an  island  of  conical  form,  having  a  diameter  of  six  miles, 
and  a  height  of  nearly  1700  feet. 


The  same  remark  applies  io  the  Botte  Eock,  between  Ventotiene 
and  Fonzo,  a  projecting  point  of  another,  but  much  smaller,  sub- 
mei^ed  mountain  mass.  It  ia  composed  of  ordinary  trachyte;  and 
if  elevation  to  the  extent  of  200  fathoms  were  to  take  place,  a  conical 
mountain  of  abont  two  miles  in  diameter,  and  having  the  Botte  Bock 
as  its  (^x,  would  be  oxpoaed  to  view. 
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Twenty  miles  W.N.  W.  of  the  firet  of  these  old  siibinerged  volcai 
oonee  is  Bituated  the  other  and  principal  groiipof  the  FonzalsUiidR,c<i 
eistingof  Puuza,  Falmaroln,  and  Zannone,  with  many  ernaUeT  islets  a 
rocka.  The  highest  part  of  this  group  of  islands,  which  are  ovidenl 
the  more  prominent  points  of  another  subraorgod  tract,  ib  the  monntn 
mass  forming  the  southern  part  of  the  island  of  Ponza,  and  known 
the  Monte  della  Guardia,  which  rises  to  the  height  of  951  feet.  Tl 
consists  of  a  bulky  bed  of  ordinary  traub  j'tic  lava,  resting  upon  fill* 
fied  tuffs,  both  precisely  similar  in  character  to  those  of  Ventotiene  aj 
lachta.  The  form  osaumed  by  this  mass  of  luvae  and  tuSs  cleat 
indicnte§  that  it  is  the  sole  remaining  fragment  of  another  volcar 
composed ofthe same materialsas (hose  lothe eastward.  (See  Fig.  If 


In  the  case  of  the  island  of  Ponza,  however,  this  relic  of  an  o 
volcano  is  seen  to  rest  unconforraably  upon  a  Htill  older  series 
rocks,  which  constitutes  by  far  the  larger  portion  of  the  enti 
group  of  the  Fonzas.  These  rocks,  although  evidently  of  igneo 
origin,  like  those  which  rest  upon  them,  nevertheless  offer,  nli' 
in  their  chemical  and  mineralogical  constitution  and  in  the 
geological  relations,  a  most  remarkable  contrast  to  the  latter.  Whi 
the  overlying,  and  evidently  newer,  rocks  are  composed  of  ordina 
san id ine- trachytes,  with  interbedded  strntifjed  tuffs,  cleaily  the  i 
suit  of  volcanic  action  at  the  surface,  the  latter  are  made  up  of  high 
siliceous  pumicoous  agglomerates,  through  the  midst  of  which  djk 
like  masses  of  a  rock  of  the  same  composition  as  granite,  ai 
approaching  that  rock  in  many  of  its  characters,  has  been  force 
(See  Fig.  19.) 

The  remarkable  features  assumed  by  these  older  rocks  of  Fon: 
as  the  resnlt  of  the  mechanical  strains  to  which  they  have  been  su 
jeoted  during  their  consolidation  and  crystallization,  powerful 
arrested,  as  we  have  seen,  the  attontion  of  those  pioneers  in  t 
study  of  Vulcanology,  Hamilton,  Dolomieu,  and  Sc rope  ;  and  the 
rocks  are  still  worthy  of  the  most  diligent  and  attentive  study,  bo 
ag  regards  their  pbysiokl  Telatioua  Kad  th^li:  minute  structure,  by  i 
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wbo  desire  to  iaTeetigate  the  natuie,  mode  of  action,  and  products  of 
Tolcaaio  forces. 


f.iK'cA  >>C^''M!^m 


Fm,     9,— Wmimh   Sfub  or  Monti  bl —   

OF  Luna  Lav. 

a,  TnchTti   Iava     5  S  n  ified  tuft         iDtrutivp  mauei  of  qnirt^-UHcliylfl  with  Iheii 
edgei  puuaf  iDto  obAdjan  porpbyry.    d,  Pumiceciu  agfflomermtei. 

The  great  maaBes  of  pomiceoua  agglomerates,  traversed  by  djkea 
and  sheets  of  the  peculiar  quartz-trachyte  which  together  conatitute 
the  greater  part  of  Ponza,  and  the  whole  of  Palmarola,  are  \a  Zan- 
Dona  Been  in  contact  with  Bedimentarj  rocks  of  Cretaceoui  age 
(Hippnrite  limestones)  resembling  those  of  the  ueareat  point  of  the 
mainlaad,  Monte  Circello.  To  the  student  of  the  older  volcanio 
rocks  those  features  of  local  metamorphism  presented  by  the  lime- 
stones of  Zaunone,  which  were  first  pointed  out  by  Mr.  Scrope  in 
1827,  cannot  fail  to  be  of  the  highest  interest.  On  the  north-east 
side  of  the  island  the  Cretaceous  limestones  exhibit  precisely  the 
same  characters  as  at  Monte  Circello ;  but  as  we  approach  the  igneous 
masses  eitruded  through  them,  they  are  found  becoming  highly 
crystalline  and  by  degrees  passing  into  a  dolomite.  A  specimen  of 
this  altered  rock,  which  luy  friend  Professor  Guiscardi,  of  the  Naples 
University,  examined  for  me,  was  found  to  exhibit  little  or  no  oSer- 
Tescence  upon  the  application  of  acid  to  it ;  but  when  powdered  and 
heated  with  the  acid,  carbonic  acid  gas  was  at  once  disengaged. 

But  not  only  has  the  limestone  undergone  considerable  changes 
near  its  junction  with  the  igneous  rocks,  but  these  latt«r  have  also 
themselves  been  greatly  affected,  passing  into  a  compact  highly 
siliceous  material,  with  a  strikingly  concboidal  fracture.  It  is  inte- 
resting to  notice  that  the  intrusive  rocks  of  similar  composition  in 
the  Hebrides  have  unilorgono  precisely  similar  changes  near  their 
contact  with  stratified  masses. 

We  have  thus  evidence  that  in  the  Ponza  Islands  great  eruptions 
of  igneous  rocks  of  the  most  highly  acid  class  have  taken  place 
Bubsequently  to  the  deposition  of  the  Cretaceous  rocks,  and  that  after 
these  earlier  volcanic  masses  had  suffered  greatly  from  denudation, 
which  appears  to  have  removed  alt  the  cones  and  lava-streams, 
leaving  only  masses  of  agglomerates  traversed  by  dykes  and  sheets 
intrudtid  among  them,  a  second  series  of  volcanic  ovi\.\)uia'«  \w*- 
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place.    Ab  3te  result  of  tLose  latter,  at  leaat  three  volcanio  oonn, 

conipDsed  of  similar  materials  to  those  of  Epomeo  and  the  older  i>ot- 
tioQ  of  Vesuvius  and  Somma,  were  formed — namely,  those  of  whieh 
we  see  the  relics  in  Tentotiene  and  Sau  Stefano,  in  the  Botte  Kfick. 
and  in  the  Monte  della  Gaardia  of  Ponza,  respectively. 

The  Yolcanic  tuffs  (whether  of  the  older  or  younger  Toloanic  series 
in  Ihe  Ponza  Islands)  have  as  yet  yielded  no  organic  remains  ;  ao 
that  some  doaht  still  remains,  both  as  to  the  conditions  under  which 
they  WLire  formed,  and  iheir  eiact  geological  age.  The  newer 
trachytio  lavas  and  stratiSed  tnSs  are  not  impTobably  of  the  same 
age  as  the  rocks  of  identical  composition  constituting  Epomeo  and 
the  nucleus  of  Vesuvius ;  the  older  series  of  rooks  of  highly  acid 
composition  belong  to  some  period  between  the  Cretaceous  and  the 
Pliocene. 

It  is  on  account  of  the  peculiar  and  very  interesting  characters 

f resented  by  these  highly  ncid  or  siliceous  rooks  that  the  Ponza 
slands  have  attracted  so  much  attention  from  geologists.  The 
ultimate  chemical  composition  of  these  rocks  is  eihibited  in 
the  three  subjoined  analyses,  for  which  we  are  indebtod  to  Abich. 
TLey  illustrate  three  of  the  most  important  modifications  of  oharaoter 
assumed  by  the  rock. 

I-  u.  in. 


fiilios  „ 
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....      2-6116 

Specific  Grarity 26398 

I.  is  a  porphyritic  rock  with  crystals  of  mica  and  glassy  felspar 
from  Ponza ;  it  represents  the  more  granitic  forms  of  the  rock.  II. 
is  the  interesting,  curiously  laminated,  rock  of  Palmarola,  "the 
banded  and  ribboned  trachyte"  of  Mr,  Scrope;  it  contains  only 
traces  of  mica  and  hornblende,  Abich  regards  these  two  rocks  as 
made  up  of  about  50  per  cent  of  orthoclase,  25  per  cent  of  free 
quartz,  and  25  per  cent  of  albite.  The  small  proportion  of  lime  and 
the  large  per-centage  of  soda  make  it  extremely  probable  that  albite 
is  a  very  important  constituent  of  this  rock.  III.  is  a  more  porous 
rock  from  Zannone  inclining  to  the  vitreous  structure,  in  whicb 
nearly  the  whole  of  the  felspar  appears  to  be  orthoclase,  while  the 
free  quartz  amounts  to  28'4  per  cent. 

The  microscopic  study  of  these  rocks  of  Ponza  brings  to  light 
many  features  of  the  highest  interest  A  series  of  specimens  may 
easily  be  collected,  exhibiting  every  variation  from  a  vitreous  rock 
to  one  of  the  most  highly  crystalline  character ;  some  of  the  examples 
of  the  latter,  indeed,  approach  so  closely  in  character  to  granite  that 
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it  IB  questionable  whether  they  ought  not  really  to  be  assigned  to 
that  class  of  rocks. 

Every  attempt,  like  that  of  Gustav  Hose,  to  give  granite  a  purely 
mineralogical  definition,  has  failed,  in  consequence  of  the  variation, 
even  in  different  parts  of  the  same  mass,  in  its  constituent  minerals. 
The  several  felspars  may  replace  one  another  in  an  almost  infinite 
number  of  ways,  and  different  micas  and  hornblendes  may  be  simi- 
larly substituted  for  one  another,  while  accessory  minerals  may  so 
increase  in  abundance  as  to  become  important  constituents  of  the 
rock,  without  its  in  any  way  forfeiting  the  title  to  be  considered  a 
true  granite.  The  texture  of  the  rock,  however,  appears  to  afford 
surer  ground  on  which  we  may  base  a  definition,  than  the  exact 
species  of  minerals  which  compose  it  Normal  granites  consist  of  an 
aggregate,  in  which  distinct  crystals  of  orthoclase,  and  often  of  some 
plagiodastic  felspar,  with  those  of  one  or  more  species  of  mica  or 
hornblende,  have  separated,  leaving  a  base  composed  of  quartz,  ex- 
hibiting a  greater  or  less  tendency  to  form  distinct  crystals,  and  a 
crystalline  mass  of  felsitic  matter  enveloping  the  pei^ect  and  im- 
perfect crystals,  and  representing  the  ''  mother  liquor  "  out  of  which 
these  latter  have  been  formed,  portions  of  which  are  also  entangled 
in  their  cavities.  There  are,  however,  granites  in  which  the  quartz 
appears  to  have  more  readily  crystallized,  and  to  have  been  among 
the  first  minerals  separated  from  the  mass. 

Now  the  remarkable  rock  of  the  Ponza  Islands  has  an  ultimate 
chemical  composition  identical  with  that  of  many  granites  ;  its  con- 
stituent minerals — orthoclase  albite  or  oligoclase,  quartz  and  mica 
or  hornblende  —are  precisely  those  of  ordinary  granite ;  and  hence 
it  must  be  by  its  texture,  if  at  all,  that  we  must  hope  to  be  able  to 
separate  it  from  that  class  of  rocks. 

The  study  of  this  Ponza  rock  clearly  proves  that  the  minerals  of 
which  it  is  composed  have  had  four  different  modes  of  origin. 

I.  They  may  have  crystallized  out  from  a  liquefied  magma,  prob- 
ably under  great  pressure,  and  long  before  it  reached  the  surface. 
This  is,  I  believe,  the  origin  of  the  large  crystals  of  mica,  hornblende, 
felspar,  and  the  smaller  and  less  perfect  ones  of  quartz,  which  are 
found  scattered,  often  in  great  abundance,  alike  through  the  most 
vitreous  and  the  most  stony  varieties  of  the  rock.  In  proof  of  this 
fact  of  the  formation  of  large  crystals  in  the  magma  before  its 
eruption  I  may  cite  the  following  facts. 

1.  In  the  masses  of  volcanic  sand  blown  from  the  throats  of  vol- 
canos,  crystals  (usually  of  course  broken  and  damaged,  but  of  pre- 
cisely similar  character  to  those  embedded  in  the  lava)  abundantly 
occur.  The  perfect  augite  crystals  ejected  by  Stromboli  afford  an 
interesting  illustration  of  this  fact. 

2.  Where  the  lava  contains  these  large  porphyritically  embedded 
crystals,  the  scorise  or  pumice  formed  from  it  will  bo  found  to  contain 
the  same  crystals  in  a  perfect  condition,  entangled  in  the  meshes  of 
the  distended  rock ;  clearly  proving  that  these  crystals  were  floating 
in  the  liquefied  mass  before  its  ejection.  This  fact  is  exemplified  in 
many  of  the  pumices  and  scorisd  of  Ischia. 
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3.  These  crystals,  when  embedded  in  the  rock,  are  often  B«en  to 
be  rounded  on  their  edges  and  to  have  suffBied  other  injnrieB.  Some- 
timea  the  same  ctystal  is  seen  broken  into  several  fi'Bgineuta,  whicfa 
are  more  or  less  separated  IVom  one  another.  The  mica  crystals, 
owing  to  their  perfect  cleavage,  have  often  especially  suffered ;  their 
edges  are  "  frayed-out,"  their  laminro  separated  by  portions  of  the 
niatris  which  has  been  forced  between  theni,  and  oocnsionajly  the 
plates  of  which  they  are  built  tip  are  found  to  he  twisted  and 
orunjpled  in  the  most  extraovdinaiy  manner, 

4,  Such  crystals  are  all  seen  to  be  arranged  with  their  longer  axes 
in  the  dii'eotion  of  the  flow,  aud  around  them  the  smaller  crystals, 
formed  by  the  devitrification  of  the  enveloping  mass,  exhibit  the 
fiuidal  ilrurluTt  and  a  peculiar  packio^  or  condensation  around  aud 
behind  them.  Many  of  the  seotions  indeed  present  an  appenrauoe 
which  may  be  justly  compared  to  the  surface  of  a  flowing  stream,  on 
which  at  the  same  time  quantities  of  chaff  and  a  nnniher  of  pieces 
of  wood  are  floating;  the  former  representing  the  mioroliths,andthe 
latter  the  porphyritioally  embedded  crj'StaJs. 

That  those  conditions  of  high  temperature,  great  pressure,  and  the 
presence  of  large  quantities  of  imprisoned  water  and  gasea.  which 
esist  deep  down  in.  a  volcano,  are  eminently  favourable  for  the 
formation  of  large  crystals  of  various  minerals,  we  have  the  clearest 
proof  iu  the  beautiful  contents  of  those  blocks  which  are  torn  from 
the  deep  underlying  rocks  of  Vesuvius  and  ejected  from  its  throat. 
Thill  the  same  conditions  should  induce  a  similar  Bt?ijarMtiori  of  the 
materials  of  the  liquefied  mass  itself,  is  no  more  than  might  bo 
expected.  On  a  future  occasion  1  shall  discuss  the  nature  aod 
origin  of  the  condition  of  fluidity  in  igneous  rocks,  upon  which  so 
much  light  is  thrown  by  the  fact  that  crystals  of  minerals  of  very 
different  degrees  of  fusibility  are  able,  not  only  to  separate,  but  to 
continue  floating  about  in  them. 

II.  When,  as  was  shown  by  Mr.  Sorby,  a  granite,  like  that  of 
Mount  Sorrel,  is  fused,  it  passes  on  cooling  into  a  glass.  But  if  the 
cooling  be  conducted  slowly,  gphterulilee  composed  of  acicular  crystala 
in  radial  groups  are  formed  in  the  mass.  Now  in  some  cases  the 
matrix  surrounding  the  crystals  of  the  Fonza  rock  before  described 
has  assumed  a  vitreous  condition,  and  it  there  becomes  a  porphyritic 
obsidian.  In  this  obsidian  every  variation  from  the  first  ap> 
peai'ance  of  crystalline  structure  to  the  formation  of  the  most  distinct 
sphterulites  may  often  be  observed. 

III.  If  glass  be  heated  to  a  point  far  short  of  that  required  for  its 
fbsion  and  slowly  cooled,  crystals  of  various  minerals  begin  to  make 
their  appearance  in  the  mass,  which  gradually  passes  into  stone,  or 
in  other  words  becomes  devitrified.  The  possibility  of  this  passage 
from  the  glassy  to  the  stony  condition  usithoat  fusion  is  a  condition 
which  must  always  he  borne  in  mind  by  the  geologist.  The  slow- 
ness with  which  large  masses  of  such  imperfectly  conducting  ma- 
terials, as  most  lavas  are,  cool  down,  is  familiar  to  all  who  have 
studied  volcanos.  It  can  hardly  fail  to  happen,  then,  that  many 
lavas  which  have  solidified  as  glasses  have,  iu  the  long  intervals, 
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dnriDg  which  they  have  been  gradually  parting  with  their  remaining 
heat,  become  devitrified. 

The  glassy  condition  of  rocks  is  clearly  nn  exceptional  and  unstable 
condition  for  them  to  assume.  The  probable  reason  why  no  vitreous 
rocks  of  ancient  date  exist  is  not  because  similar  conditions  of 
volcanic  action  did  not  prevail  in  earlier  periods  of  the  world's  his- 
tory, but  because  the  vitreous  rocks  have  lost  their  peculiar  charac- 
ters by  devitrification.  In  proof  of  this  conclusion  I  may  recal  the 
fact,  already  described  by  me,  of  Old  Ked  Sandstone  lavas  in  Scot- 
land exhibiting  traces  of  sphserulitic  structure,  which  appears  to  be  in 
all  oases  connected  with  the  existence  of  volcanic  glass.  Even  a 
moderate  degree  of  heat,  if  sufficiently  prolonged,  permits  of  the 
passage  of  a  matter  from  the  unstable  colloid  to  the  stable  crystalline 
condition ;  and  it  is  not  improbable  that  pressure  and  other  forces 
long  sustained  may  be  attended  with  the  same  result. 

The  Ponza  rock  often  exhibits  clear  evidence  that  after  solidifying 
in  the  form  of  a  glass  it  has  been  subjected  to  devitrification. 

rV.  The  passage  through  the  rock  of  water,  especially  when  this 
contains  such  acids  as  abound  in  volcanic  regions,  may  completely 
alter  the  composition  and  internal  characters  of  the  rock.  Certain 
minerals  among  its  constituents  may  be  attacked  and  removed  in 
solution,  while  others  assume  a  totally  different  crystalline  condition 
and  arrangement.  Of  such  changes  the  rock  of  Ponza  often  exhibits 
the  clearest  evidence,  its  more  basic  materials  being  attacked  and 
destroyed,  and  its  quartz  re-crystallized.  As  shown  by  Mr.  Scrope, 
veins  of  quartz  and  true  metallic  lodes  with  cupriferous  pyrites  occur 
in  this  rock  ;  and  the  quartz  of  these,  as  pointed  out  by  Mr.  Sorby, 
is  quite  different  in  character  from  that  in  the  unaltered  igneous 
rock.  It  contains  "many  fluid-cavities  with  water  holding  in  solution 
the  chlorides  of  potaissium  and  sodium,  the  sulphates  of  potash,  soda 
and  lime,  and  free  hydrochloric  acid." 

Let  us  now  proceed  to  inquire  what  are  the  relations  of  this 
interesting  rock  of  Ponza  to  granite,  on  the  one  hand,  and  to  the 
ordinary  highly  siliceous  lavas  (quartz-trachytes  or  Liparites),  on  the 
other. 

The  geological  relations  of  this  rock  have  been  so  fully  illustrated 
by  Mr.  Scrope  that  it  is  not  necessary  to  dwell  at  any  length  upon 
the  subject.  Through  vast  masses  of  pumiceous  agglomerates,  evi- 
dently formed  by  explosive  action,  the  solid  rock  of  which  we  are 
speaking  has  been  forced  in  dykes  and  sheets,  which  sometimes  have 
a  width  of  a  few  inches  only,  at  others  of  many  yards.  The  crushed 
and  re-consolidatod  character  of  portions  of  the  matter  at  the  sides  of 
these  dykes,  tlie  remarkable  banded  and  ribboned  internal  structure 
of  the  rock  itself  in  many  places,  and  the  phonomona  witnessed  at 
the  planes  of  contact  of  the  dykes  with  the  masses  which  they  tra- 
verse, bear  witness  to  the  violent  force  and  vast  irregular  pressures 
which  accompanied  their  intrusion. 

In  no  case  does  this  more  ancient  rock  of  Ponza  appear  to  have 
been  extruded  as  lava,  and  to  have  consolidated  under  ordinary  at- 
mospheric pressure.      Either  the  pressure  of  the  superincumbent 
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r         ocean,  or  possibly  tbat  of  mountain  niassea  of  volcanic  niateiids   I 
poured  out  at  the  surface  and  pilod  above  tliem,  baa  evidently  iuflu- 

1  Biioed  their  mode  of  conaolidatioQ,  and  greatly  modified  their  cha-    . 

racters. 

Tbis  coDcliision  is  quite  in  aooordance  with  tho  microscopical    I 
characters  presented  by  the  minerals  which  compose  these  rocks,    i 
'J'he  felspar  crystals  abound  with  cavities  filled  with  stony  matter ; 
while  the  crystals  of  qunrlz,  as  [minted  out  by  Mr.  Sorby,  oontain 
fluid-cavities  with  air-bubbles,  and  present  a  most  perfect  resem- 
blance to  those  of  the   true  granitic   rocks.     The  result    of  Mr. 

I  Sorby's  moat  ingenious  researches,  however,  was  lo  show  that  while 

f  the  quartz  cryslals  of  the  Poiiza  rock  must  have  been  formed  under    < 

'  a  very  considerable  pressure  {one  of  posfiibly  not  less  than  4000 

feet  of  rock),  yet  that  the  ordinary  granites  were  produced  trader 
a  pressure  which  must  have  been  far  gi'enter. 

Great,    indeed,    as  are  the   points   of  resemblance  Iwtween   the 

I  rock  of  FoQza  and  many  granites,  both  in  chemical  and  mineralogical 

oonstit.utiou,  and  in  certain  features  of  their  microscopio  structure. 

I  the  real  and  important  points  of  difference  between  these  two  classes 

of  rock  must  not  be  lost  sight  of.  These  differences  consist  in  the 
tendency  which  tho  basii  of  the  rock  oonsl^nlly  shows  to  assume  the 
vitreous  condition,  and  in  tbe  mode  of  arrangement  and  injured  con-    i 

I  dition  of  its  embedded  crystals.     In  these  respects  the  rook  of  Ponsa    | 

approaches  and  even  gradnates  into  the  ordinary  highly  silioeous    ' 
lavas  {QnnrtK-tmchytes,  Lijiaritcs  or  Rliyolites),  sucli  as  tlioso  which 
we  have  described  in  the  Lipari  Islands. 

Thus  we  are  led  to  the  conclusion  that  rocks  like  those  of  Ponza, 
and  certain  others  in  tbe  Euganean  Hills,  Hungary,  etc,  which  pre- 
cisely agree  witb  them  in  character,  form  a  perfect  bond  of  connexion 
between  the  granites  on  the  one  band  and  the  highly  siliceous  lavas 
(Liparites)  on  the  other.  For  rocks  of  this  character  Biclitliofen  has 
suggested  the  name  of  "granitic-rhyolite,"  or  "  Nevadite,"  and  his 
definition  of  this  rock,  which  constitutes  great  mountain  masses  in 
the  western  parts  of  North  America,  appears  to  be  entirely  applic- 
able to  the  rock  of  Ponza.  Whether  geologists  agree  to  accept  this 
term  or  not,  the  fact  remains  of  tbe  existence  of  a  seiics  of  rocks 
through  which  we  can  trace  the  passage,  by  the  most  insensible 
gradations,  from  granite  to  the  variety  of  lava  known  as  Liparite. 

It  has  been  shown  by  Delesse,  Durocber,  and  other  observers,  tbat 
a  rock  of  highly  crystalline  or  granitic  structure  baa  a  much  higher 
specific  gravity  than  tbe  glass  formed  by  its  artificial  fusion.  As 
both  mathematical  reasoning  and  experiment  have  led  Sir  William 
Thomson  and  his  brother  to  the  conclusion  that  for  those  bodies 
which  contract  in  consolidation  pressure  raises  the  point  of  fusion, 
while  for  those  tbat  expand  it  lowers  it,  we  might  by  analogy  be 
justified  in  inferring  that,  under  great  pressure,  rocks  would  he 
unable  to  undergo  that  expansion  necessary  for  their  assuming  the 
colloid  or  vitreous  condition.  I  need  not  point  out  how  tins  con- 
clusion coincides  with  the  observations  of  ihe  geologist     We  have 

^       tbe  BtrongeBt  grounds  for  inferring  that  in  granite  consolidation  took 
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place  nnder  enormous  pressure  ;•  and  we  never  find  it  assuining  the 
Ti'treoas  strnctnre.  In  the  rock  of  Ponza  the  pressure  was  evidently 
far  lessy  and  the  rock  occasionally  passes  into  a  more  or  less  glassy 
form;  while  in  the  lavas  known  as  Liparites,  where  all  superin- 
cumbent pressure  is  got  rid  of  by  their  extrusion  at  the  surface,  the 
tendency  to  pass  into  the  vitreous  condition  is,  as  we  have  seen, 
extreme.  By  the  study  of  different  portions  of  igneous  masses  we 
are  able,  therefore,  to  trace  every  stage  in  the  transition  from  the 
most  typical  granite  to  the  most  perfect  glass  and  pumice. 

The  relation  of  the  glassy  portions  of  the  rock  of  Ponza  to  the 
ordinary  ciystalline  varieties  are,  as  pointed  out  by  Mr.  Scrope, 
worthy  of  the  most  oareful  study.  In  almost  every  case  the  dykes 
or  intmsive  sheets  of  crystalline  rock  are  at  their  planes  of  junction 
converted  for  a  greater  or  less  thickness  *into  a  glassy  material. 
Three  different  causes  suggest  themselves  as  possibly  tending 
towards  this  result 

(1).  The  more  rapid  eooling  of  the  liquefied  masses  on  their  outer 
surfaces. 

(2).  The  enormous  friction,  of  which  we  have  the  clearest  evi- 
dence, between  the  intruded  matter  and  the  agglomerates  through 
which  they  were  forced.  This  might  operate  in  two  ways :  by 
crushing  up  the  solidifying  particles,  and  rendering  them  easy  of  re- 
fusion ;  aud  by  the  actual  development  of  additional  heat  from  the 
friction.  The  probability  of  this  kind  of  action  having  gone  on 
is  shown  by  the  fact  that  not  only  are  the  dykes  of  solid  rock  con- 
verted into  glass  at  their  sides,  but  the  masses  of  agglomerate  them- 
selves, near  the  lines  of  junction,  also  pass  into  obsidian. 

(3).  The  smaller  amount  of  resistance  offered  by  the  agglomerates 
to  the  expansion,  which,  as  we  have  seen,  takes  place  in  the  passage 
from  the  crystalline  to  the  colloid  state,  would  favour  the  production 
of  obsidian  on  the  outer  surfaces  of  the  intrusive  masses. 

It  may  well  be  conceived  how,  with  the  presence  of  such  con- 
ditions as  we  have  indicated,  the  most  remarkable  transitions  of  rock 
structure  from  the  glassy  to  the  crystalline  may  be  produced; 
accompanied  by  the  development  of  the  most  singular  examples  of 
brecciated,  ribboned,  and  contorted  appearances. 

There  are  a  number  of  other  interesting  features  which  have  been 
already  described  as  being  exhibited  by  the  Ponza  rocks,  to  which 
want  of  space  will  prevent  us  from  doing  more  than  making  the 
barest  allusion  in  this  sketch.  Such  are  the  interesting  prismatic 
forms  assumed  by  them  on  the  smallest  as  well  as  on  the  largest  scale ; 
the  remarkable  globiform  concretions  in  some  of  their  vitreous  masses; 
the  changes  undergone  by  them  in  consequence  of  the  passage  of  water 
and  acid  gases  through  them;  and  the  formation  of  crusts  of  carbonate 
of  lime  on  their  surfaces,  and  of  calcareous  sandstones  in  their 
hollows,  through  the  agency  of  land-shells.  For  details  on  these 
subjects  I  must  again  refer  to  Mr.  Scrope's  nienioir.  The  cruises  of 
the  production  of  the  banded  structure  in  these  rocks  I  shall  have 
occasion  to  discuss  on  a  future  occasion. 

In  concluding  this  imperfect  sketch  of  a  district,  which,  auiou^ 
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r         ocean,  or  possibly  tbat  of  luountAin  niaases  of  volcanic  miteriSTl 
jioured  out  at  the  surface  and  }iilisd  above  them,  liaa  tividently  iiifiu- 
euced  their  mode  of  consolidation,  and  greatly  modified  their  cha- 
racters. 

This  conclusion  is  quite  in  accordance  with  the  microscopical 
characters  presented  by  the  minerals  which  compose  these  rucks. 
'J'he  felspar  crystals  abound  with  cavities  filled  with  stony  niatlcr ; 
while  the  crystals  of  quartz,  as  pointed  out  by  Mr.  Sorby,  oontain 
fluid-cavities  with  air-bubbles,  and  present  a  most  perfect  reseni- 

'  blanee  to  those  of  the   true   granitio   rocks.     The   result    of  Mr. 

I  Sorby's  most  ingenious  researchea,  however,  was  to  show  that  while 

I  the  quarts  crystals  of  the  Ponsa  rock  must  have  been  formed  under 

I  a  very  considerable  pressure  (one  of  possibly  not  less  than  4000 

feet  of  rock),  yet  that  the  ordinary  graaites  were  produced  under 
a  pressure  which  must  have  been  far  gi'eater. 

I  Great,    indeed,    as  are  the  points   of  resemblance  between    the 

rock  of  Ponza  and  many  granites,  both  in  chemical  and  tnineralogical 
oonstitution,  and  in  certain  features  of  their  microscopic  structure, 

I  the  real  and  important  points  of  difference  between  these  two  clasoe-s 

of  rock  must  not  be  lost  sight  of.     These  differences  consist  in  the 

I  tendency  which  the  hatit  of  the  rock  constantly  shows  to  assume  the    , 

i  vitreous  condition,  and  in  the  mode  of  arriingement  and  injured  con- 

dition of  it«  embedded  crystals.     In  these  respects  the  rook  of  Ponxa    { 
ftpproaohes  and  even  graduates  into  the  ordinary  highly  siliceous 
lavas  (Quartz-lrnchytes,  Iiijiariles  or  Rhyolites),  Kuch  as  llinse  which 
we  have  deFicrihcd  iu  the  Ijipuri  Islands. 

Thus  we  are  led  to  the  conclusion  that  rocks  like  those  of  Ponza, 
and  certain  others  in  the  Euganean  Hills,  Hungary,  eUi.,  which  pre- 
cisely agree  with  them  in  character,  form  a  perfect  bond  of  connexion 
between  the  granites  on  the  one  hand  and  the  highly  siliceous  lavas 
(Liparites)  on  the  other.  For  rocks  of  this  character  Riclitliofen  has 
suggested  the  name  of  "  granitic- rhyolite,"  or  "  Nevadite, "  and  his 
definition  of  this  rock,  which  constitutes  great  mountain  masses  in 
the  western  parts  of  North  America,  appears  to  be  entirely  applic- 
able to  the  rock  of  Ponza.  'Whether  geologists  agree  to  accept  this 
term  or  not,  the  fact  remains  of  the  existence  of  a  seiiea  of  rocks 
through  which  we  can  trace  the  passage,  by  the  most  insenEible 
gradations,  from  granite  to  the  variety  of  lava  known  as  Liparito. 

It  has  been  shown  by  Delesse,  Durocher,  and  other  observers,  that 
a  rock  of  highly  crystalline  or  granitic  structure  has  a  much  higher 
specific  gravity  than  the  glass  formed  by  its  artificial  fusion.  As 
both  mathematical  reasoning  and  experiment  have  led  Sir  William 
Thomson  and  his  brother  to  the  conclusion  that  for  those  bodies 
which  contract  in  consolidation  pressure  raises  the  point  of  fusion, 
while  for  those  that  expand  it  lowers  it,  we  might  by  analogy  be 
justified  in  inferring  that,  under  great  pressure,  rocks  would  be 
unable  fo  undergo  that  expansion  necessary  for  their  assuming  the 
colloid  or  vilreous  condition.  I  need  not  point  out  how  this  con- 
clusion coincides  with  the  observations  of  the  geolo^st;  We  have 
the  atroDgeet  groonda  for  inferring  that  in  granite  consolidation  took 
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place  under  enormons  pi'essure  ;•  and  we  never  find  it  assuming  the 
vitreous  strnctnre.  In  the  rock  of  Ponza  the  pressure  was  evidently 
far  lessy  and  the  rock  occasionally  passes  into  a  more  or  less  glassy 
form;  while  in  the  lavas  known  as  Liparites,  where  all  superin- 
cumbent pressure  is  got  rid  of  by  their  extrusion  at  the  surface,  the 
tendency  to  pass  into  the  vitreous  condition  is,  as  we  have  seen, 
extreme.  By  the  study  of  different  portions  of  igneous  masses  wo 
are  able,  therefore,  to  trace  every  stage  in  the  transition  from  the 
most  typical  granite  to  the  most  perfect  glass  and  pumice. 

The  relation  of  the  glassy  portions  of  the  rock  of  Ponza  to  the 
ordinary  crystalline  varieties  are,  as  pointed  out  by  Mr.  Scrope, 
worthy  of  the  most  oarefnl  study.  In  almost  every  case  the  dykes 
3r  intmsive  sheets  of  crystalline  rock  are  at  their  planes  of  junction 
converted  for  a  greater  or  less  thickness  'into  a  glassy  material. 
rhree  different  causes  suggest  themselves  as  possibly  tending 
towards  this  result 

(1).  The  more  rapid  eooling  of  the  liquefied  masses  on  their  outer 
mrifaces. 

(2).  The  enormous  friction,  of  which  we  have  the  clearest  evi- 
dence, between  the  intruded  matter  and  the  agglomerates  through 
which  they  were  forced.  This  might  operate  in  two  ways :  by 
crushing  up  the  solidifying  particles,  and  rendering  them  easy  of  re- 
fusion ;  and  by  the  actual  development  of  additional  heat  from  the 
friction.  The  probability  of  this  kind  of  action  having  gone  on 
is  shown  by  the  fact  that  not  only  are  the  dykes  of  solid  rock  con- 
verted into  glass  at  their  sides,  but  the  masses  of  agglomerate  them- 
selves, near  the  lines  of  junction,  also  pass  into  obsidian. 

(3).  The  smaller  amount  of  resistance  oflered  by  the  agglomerates 
X)  the  expansion,  which,  as  we  have  seen,  takes  place  in  the  passage 
from  the  crystalline  to  the  colloid  state,  would  favour  the  production 
^f  obsidian  on  the  outer  surfaces  of  the  intrusive  masses. 

It  may  well  be  conceived  how,  with  the  presence  of  such  con- 
litions  as  we  have  indicated,  the  most  remarkable  transitions  of  rock 
structure  from  the  glassy  to  the  crystalline  may  be  produced; 
accompanied  by  the  development  of  the  most  singular  examples  of 
brecciated,  ribboned,  and  contorted  appearances. 

There  are  a  number  of  other  interesting  features  which  have  been 
ilready  described  as  being  exhibited  by  the  Ponza  rocks,  to  which 
want  of  space  will  prevent  us  from  doing  more  than  making  the 
[rarest  allusion  in  this  sketch.  Such  are  the  interesting  prismatic 
forms  assumed  by  them  on  the  smallest  as  well  as  on  the  largest  scale ; 
the  remarkable  globiform  concretions  in  some  of  their  vitreous  masses; 
the  changes  undergone  by  them  in  consequence  of  the  passage  of  water 
and  acid  gases  through  them;  and  the  formation  of  crusts  of  carbonate 
of  lime  on  their  surfaces,  and  of  calcareous  sandstones  in  their 
hollows,  through  the  agency  of  land-shells.  For  details  on  these 
subjects  I  must  again  refer  to  Mr.  Scrope's  memoir.  The  causes  of 
the  production  of  the  banded  strnctnre  in  these  rocks  I  shall  have 
occasion  to  discuss  on  a  future  occasion. 

In   concluding  this  imperfect  sketch  of  a  district,  which,  awiQw^ 
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those  wliicli  Iiave  beea  carefully  examined  by  geologists, 
without  a  parallel  iu  reepect  of  tbo  features  of  int«i-e«t  which  it 
affords,  I  may  refer  to  two  pointa  of  some  novelty  which  came  under  1 
my  notice.     Oooasionally,  iu  oouBequence  of  the  extreme  pressure,  , 
the  obBidian  on  the  sides  of  the  dyhes  has  assumed  a  most  remnrkably 
jtbroiis  structure,  such  as  lias  not,  so  far  as  I  am  aware,  been  DbservrJ 
in  thi§  rook  at  any  other  locality.     A  second  curious  fact  woh  ons  ^ 
which  I  was  struck  with  in  breaking  up  some  of  the  great  massea  of  \ 
obsidian,  namely,  that  the  bright  glassy  surfaces  of  fracture  enl/ 
endured  for  a  few  seconds  after  their  exposure  ;  a  delicate  white  film, 
doubtless  due  to  the  exudation  of  some  crystalline  matter  on  their 
surfaces,  being  formed  upon  them  actually  under  the  ey«  of  tfa 
observer. 

(Ta  it  teneluiti  in  cur  ntit  Swnhtt.) 

IT. — Lists  of  some  Enclish  Jubabsio  Fobauintfkr^ 

By  Proloasors  T.  ErpBET  JosKS,  F.R.S,,  F.G.S.,  and  W.  K.  Pahkek,  F.B.S.,  F.Z.S. 

THE  late  Professor  John  Phillips  requested  us  to  draw  up,  for  sn 
Appendix  to  his  new  edition  of  "  Tlie  Geology  of  Yorkshire,"  1 
generic  list  of  the  Foramiuifeiu  of  the  English  Oolites.  He  bad  him- 
self, indeed,  supplied  us  with  some  good  material  Irom  the  clays  near 
Oxford.  We  have  noted  the  following  Foraniiniferf^rom  the  LowH 
Oolite,  Oxford  and  Kimmeridge  Clays,  and  the  Portland  Limestoiiei 
in  our  collection. 

Tlie  Foraminiferal  Fauna  here  indicated  is  comparable  with  that  of 
Switmerland,  reviewed  at  p.  'IVi,  Vol.  X.  Gkol.  Mag,  (May,  1873), 
tliough  not  so  rich  in  MiliolfS,  and  wanting  some,  other  genon. 
M.  0.  Terquem'a  still  more  richly  illustrated  memoirs  on  Oolitic  Fora- 
minifera  (Metz,  1867-70),  place  before  tbe  eyes  an  enormous  collec- 
tion of  similar  Miorozoa ; '  and  the  Rev.  J.  F.  Binko'a  memoir  on  the 
Kiiunieridge  Clay,  lately  read  before  the  Genlogieal  Society  of  Lon- 
don, ennmerntes  numerous  forma  of  the  same  grnup.' 

1.  Upper  Portland  Limestone,  Ridgeway,  Dorset 

Lnginn  ^lobaia. 
CriiUllana  mfu/ala. 

TrivAummina  (combining  Ihe  characleis  of  7>.  gotdialii  and  TV.  inc/ria  ;  Vm- 
conical,  having  irregulBT  chambers  witliLD  annular  ctiamben,  aub-lraiulucent). 

2.  Kimmeridge  Clay,  Aylesbury, 

I'\ir,imi'irfn-a.  Crisldlaria. 

aianJulim.  Planularia. 

Nclosaria.  Lilnola  (nautUoid). 

Dentahna. 

Vacinuhna  (  V.  karpa).  Polytoott  :—Lrfralia. 

Marpimlina. 

3.  Kimmeridge  Clay.  Kimmeridge,  Dorset 

I^gtHCt  (L.  gloiosa,  var.,  simple,  oval,      Cristdlaria. 

wilhout  neck).  Pulvinulina  {P.  caraiKl/a). 

Lingitlina.  TexlHlaria  (Pltcanium ;    small,    loot 

DmlsUina.  rough). 

Vaginulina[y.  *arpa).  Lituota  (stnighl). 

Margintdina,  Trochastnttna  in<erlii. 

1  See  rIjki  Anunli  Nat.  Hilt  Krici  4,  tdI.  viii.  pp.  303-363. 
>  Quart  Joum.  Ovo\.  Goc.  vol.  ixii.  p.  222. 
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4.  Ostrea-delUndea  bed,  lower  part  of  the  Kimmeridge  Clay,  at 
te  base  of  Shotover  Hill,  near  Oxford. 


VeMialina, 

Vaginulina  ( V.  harpa  and  V,  lavigaia), 

MarginuUna. 

Cristdlaria. 

Planularia, 

5,  Upper  Oxford  Clay,  Oxford. 


Flabellina. 
Frondicularia, 

Lituola  {Placopsilina  ;  attached,  creep- 
ing, nearly  straight). 
IMuola  globigeriniformis. 


Cristellaria, 

Planularia, 

Flabdlina. 

Frondiadaria, 

Lituola  (straight,  lituate,  and  nautiloid). 


Orthocerina  {^RhabdogofUum;  triangular] 
Lingulina  (some  with  terminal  Nodo- 

sarian  chiambers). 
Denlulma  (very  delicate  and  long). 
VagiMulina  ( V.  harpa), 
Margimdina, 

6.  Oxford  Clay,  Eidgeway,  Dorset. 

Mdrginulina,  Fulvinulina  iara£olla, 

Cristellaria.  Lituola  (nautiloid  and  lituate). 

7.  Shelly  Clay,  Lower  Oolite,  on  the  Deeping  Eoad,  1^  mile  N. 
Peterborough. 


Verneuilina. 

Lituola  (straight,  lituate,  and  nautiloid). 

Trocfiammina  {^Webbifta ;  creeping,  at- 
tached to  a  shell). 

Tr.  incerta  (both  sandy  and  sub-trans- 
hicent). 

Nubecularia  (attached,  long,  monili- 
form,  on  shell). 


N^odosaria, 

DentcUina, 

Vaginulina  ( V.  harpa  and  K  strigilata). 

Marginulina, 

Planularia. 

Cristellaria. 

Flabellina. 

Frondicularia . 

Textularia  {Plecanium). 

The  specimens  in  No.  7  were  obtained  by  one  of  us  from  shelly 
lacious  clay  between  the  thin  limestones  dug  for  road-metal  at  a 
ot  called  "Style's  Close,"  at  the  north  corner  of  the  junction  of 
>gBthorpe  Lane  with  the  Deeping  Road,  1|  mile  north  of  Peter- 
rough,  just  where  the  figures  "  83  "  occur  on  the  Ordnance  Map. 
On  the  other  or  west  side  of  the  Deeping  Road,  opposite  to  Style's 
ose,  and,  like  it,  within  the  "  Walton  Fields,"  is  the  railway  settlo- 
Bnt  called  "  New  England."  From  a  well  here,  at  the  depth  of  150 
st,  a  piece  of  Upper  Lias  yielded  as  follows : 
8.  Upper  Lias  Clay,  from  a  depth  of  150  feet,  at  New  England, 
ar  Peterborough. 

Cristellaria. 

Ptdvinulina  (between  P.  elegans  and  P.  caracolla)  >  small  and  abundant. 

Lituola  scorpiurus  (dentaline  and  neat). 

Trochammina  incerta  (ZV.  elliptica  ;  oblong-oval). 

To  illustrate  the  relative  position  of  the  Forarainifera-bearing  beds 

ar  Peterborough,  mentioned  above,  the  subjoined  list  of  the  Oolite 

ds  in  the  neighbourhood  of  Peterborough,  from  notes  by  Mr.  J. 

.  Judd,  F.G.S.,  will  be  of  service  to  the  collector,*  for  doubtless 

ry  much  more  is  to  be  done  with  the  Jurassic  Foramtnifera. 

.  Lower  part  of  the  Oxford  Clay  j  very  dark  blue  shales,  with  shells.     vStan- 
ground,  Fletton,  and  Woodstonc  brickyards^ 

**  The  Geology  of  Peterborough  and  its  Vicinity/*  by  the  late  Dr.  Henry  Porter 
o.,  Peterborough,  1861),  may  be  consulted  for  some  useiui  dels^^  ^  V\x^^9^  %X 
t  date. 
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1.  Kelkway;  Rock  ;  suidy  cUy  mul  nsdrodi ;  very  shcUy  in  pbccc 
ihorpe  brickyard. 

3.  Combrasli,  15  feet ;  Miaettime. 

4.  Great  Oolite  CUyi,  »  feet  ;  ilBrk-blue  and  gKecith  cUyx,  wiib  Adlg 
New  England  biickymid,  Oi(oo  milwavMrnltiiift  and  in  many  welU. 

5.  Great  Oolite  Limesloiie,  35  Teet ;  with  maily  or  dayey  bands  and  p 
very  shelly.     KaUwiy-cuttingi  at  Orlan.  and  in  welb. 

6.  Upper  EEtuarine  Series,  15  feet ;  hlae  and  ereen  clays  with  nunym 
binds.     In  wells. 

7.  Sands  and  Clays  of  the  Lotrcr  E*iuacin«  Scries,  and  the  Notthampti 
or  Inferior  Oolite,  »  fed ;  in  deep  wells. 

8.  Upper  Lias  Clay,  of  the  usual  character  ;  in  the  Oecpest  borings. 
Ill    uinny  pnrta   of  the   neighbonring;  Fena   may  be  fofll 

'■buttery  clav,"  of  Pliocene  or  Sub-recent  date,  from  wMch 
UH  lung  ago  obtained  and  dotermined  many  interesting  Forasu 
Beo  Mr.  U.  B.  Brady's  memoir  on  Estuoriae  Foraminiferft  . 
Amah  Nat.  in»t.  4,  ti.  pp.  305-6. 

We  may  add  that  we  have  also  seen  from  the  Kimmeridge  Q 

Pi'lymorphina  lacUa,  Tiani.  Lia.  Soc  xxvii.  p.  21  j. 


giUa,  Truu.  Un.  Sac.  xxvii. 

compnssa.  Trans.  Lin.  Soc.  uvii.  p.  iiii 
tala,  Phil.  Trans,  civ.  p.  376. 
•e-ans,  var.,  Ptil.  Trans,  civ.  p.  390, 
riiil.  Trans,  civ.  p.  J97. 


l'>imi  tlie  Oxford  Clay  :- 

IWvii.T/-!,,;,,!  i,-mf>,isti.  Trans.  Lin.  Soc.  xxvii.  p.  i2<). 
H^ii-.in.t  fundala,  Phil.  Trans,  civ.  p.  376. 
/■,4hh,uh,i,i  h\irsu-m.  var.,  Phil.  Trans,  civ.  p.  397. 

[''iiiiii  somo  cinya  of  the  Oolites : — 

VhxiiUtia  Sfhrdhenii,  varieties,  Phil.  Trans,  civ.  p.  375. 

f^ira.loxa,  Ann.  N.  II.  4,  xix.  p.  299. 

T.-xl„hi,i.i  (Sfho/,lrcl.t)  auHKlius,  Ann.  N.  11.  3,  xi,  gi,  96. 

rV..iii  -  Si)oeton  Clny  "  (=  ?  Kimmoridgo  Chy)  :— 

j;i:-i„M«:,  r,ir„^Mi  (laree)  in  both  l»r.  Uowcrbank's  collection  (f^jriiKil 
11  l]w  .\lu-cimi  ['niet.  KicfAogy  (Tablet  Xlf). 

A.'4  a  general  list  for  the  Oolific  Foraminifera  of  Europe  ivi 
the  fill  lowing: — 

Z.i;r;w.  Orhiditia. 


Orli.o-^rina. 

Cnsli-llariii. 

FUihMiia  ? 

r.-lymprpHit 

,a. 

3'iiese  are    nearly    aU    Liataic  o.\&o-,  ku4  m 


6W  Mm  IS7i. 


U„„d,fM/!.ni 


l,,„J  «ill,  u.-.™.— 
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OrhiioHies  hiM  been  fonnd  by  Qiimbel  (see  the  Oeologigal  Magazine, 
VbL  X.  p.  82). 

The  Foraminiferal  faunas  of  the  Bhsetio  and  the  Trias,  as  far  as 
blown,  are  very  similar  to  the  Jurassic.  See  the  Geoix)oical 
ILloazive,  VoL  Vn.  p.  180. 


V. — ^A  Chaptsb  in  the  History  of  Meteorites. 

By  Walter  Flight,  D.Sc,  F.G.S. 

Of  the  Department  of  Mineralogy,  British  Musenm ; 
Aisiftant  Examiner  in  Chemistry,  Uniyersity  of  London. 

(PLATE  IX.) 

{Continued  from  page  267.) 

1776.— Xrasnojarsk,  Siberia.    (The  Pallas  Iron.)  ^ 

This  celebrated  siderolite  has  recently  been  sawn  into  two  nearly 
?qnal  parts,  and  the  occasion  presented  a  fitting  opportunity  for  an 
dxhaastive  examination  of  its  constituent  minerals,  more  especially 
.^f  the  olivine  forming  the  chief  ingredient.  It  was  accordingly 
jndertaken  by  von  Kokscharow,  at  the  desire  of  the  Imperial 
Academy  of  Sciences,  and  his  memoir  is  mainly  devoted  to  a  de- 
scription of  the  crystallographic  characters  of  the  silicate  enclosed 
in  the  niokel-iron. 

He  finds  that  the  interior  presents  no  now  leading  features.  The 
3livine»  which  has  a  greater  number  of  ciystal-faces  than  Pallas  ob- 
served on  it,  occurs  not  only  in  spherular  or  drop-like  masses  bearing 
numerons  faces,  but  in  tolerably  well-developed  crystals,  which, 
thongb  rounded  here  and  there,  exhibit  sharp  edges,  and  a  consider- 
able number  of  forms,  some  of  which  have  not  been  observed  on 
terrestrial  olivine.  The  individual  crystal  has  generally  a  rounded 
Burfaoe,  on  which  the  planes  lie ;  and  although  these  are  separated 
from  each  other  by  curved  areas,  their  mutual  inclination  enables 
the  observer  to  identify  them.  They  are  in  most  instances  smooth 
and  lustrous,  and  allow  of  the  most  accurate  goniometrical  measure- 
ment being  performed.  The  best  developed  faces  are  :  c  =  o  P ; 
d  =  P  GO ;  and  o  =  ^  P.  Biot  *  showed  half  a  century  since  that 
these  rounded  masses  of  olivine  exhibit  crystalline  structure,  and 
possess  two  optic  axes.  The  first  minute  investigation  of  them 
was  conducted  by  G.  Rose.' 

Bose  observed  eleven  crystal-forms  on  the  Pallas  olivine ;  von 
Kokscharow  has  added  eight  more,  making  nineteen  altogether, 
whicb  are  as  follow  : 

»  N.  von  Kokscharow.  Bull.  VAcad.  Imp.  Se.  SL-PdlerHhourg,  1870,  xx.,  No.  3. 
Mtmoires  V Acad.  Imp,  Se.  St.-Feteisbourf/^  xv.,  No.  6  Ja/irb.  Mincralogie,  1870, 
778. — E.  H.  von  Baumhauer.  Archives  Nticilandaiscs,  1871,  vi. — G.  von  Helmer- 
sen.     Ztitach.  Deutaeh.  Geol.  GcscU.  xxv.,  347. 

»  J.  B.  Biot.     Bull,  de  la  Soe.  Fhilomatique,  1820,  89. 

»  G.  Rose.     Fogg.  Ann.,  1825,  iv.^  1^6.    . 


1      312             Dr.  Walter  FHnht^Eulory  of  Meteoritei.             ^^| 

■                     Rhombic  Pfmmidd. 

,     ...   (.  ,    61,:    8.)     ...      IP 

B    ...     (.,  .b,  6.)   ...  if. 
,    ...     (.,  .b,2.)   ...  iP- 
7    ...     (8,  «b;  lo)   ...  BiP« 
i    ...     (a;  .b,".  )...      f- 

....(»;      b  :      c  )     ...        1' 
.   ...  (.:|l..iO    ...nP. 
/...(.,    jb:     .)    ...  !tj 
(    ...(.,1b,    .1    ...  a  f  1 

BrBcbya«nM. 
.  ...  (.,  !b,  ..)    ...  ii. 
h   ...(.,  1  ,  .t)   ...    !•• 

J     ...   (.:1b;  ..)     ...   2f  . 

Ebombio  PrUmi 

i     ...    (.,1b,  •.)     ...   4P. 

(-■,    b,    .)     -    -P 

Piaiuoid.. 

.    ...    1— ,   !b,  .)    ...  .1.2 

.    ...    (..,b,  «o    ...  .f« 

r     ...     (..,    lb,   „)     ...  .f3 

.     ...   (.,.b,..)     ...     .P 

The  roriBB  e,/,  I,  n,  t,  r,  d,  h,  !,  e,  and  a,  ate  those  described  by 

olivine,  hut,  with  the  exception  of  A  and  w,  have  not  been  met  wtU 

on  chrysolite  from  any  locaUty.      The  bracliydome  id  has  recently 

been  noticed  by  vom  liath'  on  the  olivbe  of  Ibe  Laacherse©  eanidine- 

'        Although  the  crystal-faces  of  the  Pallas  olivine  are  somewhat  nu- 

merous,  P2,  noticed  by  DeMcbizeaux,' and  odP4,  oa  well  as  th^ 
macropinacoid  6  =  cd  P  oo  of  other  observers,  have  not  been  noticed. 
In  two  of  the  plates  accompanyiug  the  menioir  the  author  gives  eight- 
projections  of  the  more  important  comhinationa  of  the  above  fomis, 
while  in  a  third  plate  they  are  all  graphically  represented  according^ 
to  Neumann  and  Quenstedt's  method. 

On  comparing  his  measurements  of  the  faces  of  the  Pallaa  oliTin& 
with  tlio  numbers  obtained  by  Mohs,  von.Haidinger,  Scacchi,'  and 
himself,  wlien  examining  crystals  of  olivine  from  other  sources,  the 
autlior  finds  almost  complete  accordance  between  them,  and  deduces 
tlie  following  numbers  for  the  axes  of  the  olivine  crystal : 

R   =   1-25928 


He  then  proceeds  to  establish  their  correctness  by  comparing  in 
detail  tlie  calculated  values  with  those  obtained  by  measuring  the 
meteoric  olivine,  and  that  from  Egypt  and  Vesuvius,  as  well  as  speci- 
mens of  the  mineral  from  other  localities,  investigated  by  Moha  and 
von  Haidinger. 

Hose  *  was  the  first  to  observe  under  the  microscope  the  remarkable 
structure  of  this  olivine.  On  examining  a  section,  2^  mm.  in  thick- 
ness, he  noticed,  even  with  very  low  powers,  that  it  was  traversed 
by  a  number  of  straight  black  lines  lying  parallel  to  each  other ;  »o 

'  0.  vom  Rath.  Pong.  Aiin.,  1868,  chit.,  680. 
'  A.  nescloizeaui.  Manuel  dr  Miniralogit,  i.,  30. 
•  A.  Soflcclii.    A??-  .^""i  irsriniiitigitioHni  \\i.,  184. 
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aharp  and  r^olar  were  they,  that  they  resemhled  lines  described  on 
jiaper  with  a  drawing  pen.  When  magnified  200  to  300  diameters, 
they  appeared  to  be  tubes,  sometimes  empty,  sometimes  filled 
more  or  less  with  a  black  or  light  grey  substance,  or  both  substances. 
In  one  crystal  with  two  small  faces  kf  and  between  them  the  face  a, 
it  was  noticed  that  the  faces  a  and  the  tubes  reflect  light  at  the  same 
instant,  and  that  they  lie  at  right  angles  to  the  axis  of  the  zone  ka. 

Von  Eokscharow  found  these  canals  in  every  granule  of  the  Pallas 
olivine  which  he  examined ;  one  crystal,.  6  mm.  in  diameter,  through 
which  a  section  was  cut,  exhibited  17  of  them  under  a  pocket  lens, 
and  many  more  in  the  microscope ;  they  were  all  parallel  to  the 
edge  8  r,  that  is  to  say,  parallel  to  the  vertical  crystallographic  axis. 
A  mean  of  nine  measurements  of  the  angle  which  these  canals  form 
with  the  edge  ea  (which  were  made  with  a  veiy  good  goniometer, 
designed  by  von  Auerbach  and  constructed  by  Hartnack)  was  found 
to  be  38**  28',  the  calculated  angle  being  38^  27'  12".  The  plane  of 
the  optic  axes  lies  at  right  angles  to  the  canals,  and  therefore  to  the 
crystallographic  vertical  axis ;  in  short,  this  plane  in  Pallas  olivine, 
as  in  the  terrestrial  specimens,  is  parallel  to  the  basal  pinacoid  e  = 
oP. 

The  canals  were  studied  in  seven  sections  of  crystals,  and  drawings 
of  them  are  given  in  a  plate.  By  altering  the  focus  of  the  micro- 
scope, canals  lying  at  various  depths  are  brought  into  view ;  when 
a  certain  thickness  of  the  olivine  has  been  traversed,  the  doubly- 
refractive  power  of  the  intervening  layer  of  the  mineral  causes  the 
canals  to  appear  double.  Another  effect  of  this  property  of  the 
crystal  is  that  the  magnifying  power  of  the  microscope  is  also 
apparently  somewhat  increased.  The  partial  overlapping  of  the  two 
images  of  a  canal  gives  it  the  appearance  of  a  tube  filled  throughout 
the  entire  length  with  black  material ;  others,  again,  viewed  through 
greater  thicknesses  of  the  mineral,  appear  as  two  distinct  tubes. 
Examination  with  a  Nicol  or  a  tourmaline  plate  at  once  convinces  the 
observer  that  these  effects  are  due  to  double  refraction. 

The  enclosed  black  and  grey  matter  is  found  sometimes  at  one  end 
only  of  a  tube,  sometimes  in  the  middle,  or  again  at  different  points 
in  its  length,  in  which  case  it  presents  the  appearance  of  a  ther- 
mometer, the  mercurial  column  of  which  has  been  broken.  Other 
sections  are  described  which  were  prepared  so  that  the  tubes  were 
cut  obliquely,  or  at  right  angles.  The  results  of  an  examination  of 
these  sections  in  polarized  light  supports  the  assumption  that  these 
appearances  are  caused  by  hollows  traversing  the  olivine,  and  not  by 
transparent  crystals  enclosed  in  it.* 

This  olivine  has  been  investigated  chemically  by  Howard,  K lap- 
roth,  Stromeyer,  Walmstedt,  and  Berzelius.     It  has  recently  been 

^  It  should  be  mentioned  that  Rose  {Beschr,  und  Einth.  Met.,  76)  found  these 
canals  in  ^eat  perfection  and  abundance  in  the  olivine  of  the  meteorite  found  at 
Brahin,  Mmsk,  Kussia  (1810),  a  siderolite  bearing  the  closest  resemblance  to  the 
Pallas  iron.  The  mineral  occurring  in  the  siderolites  of  Rittersgriin  and  Steinbach, 
which  Rose  termed  olivine,  and  some  of  the  angles  of  which  he  found  to  accord  with 
those  of  the  olivine  of  the  Pallas  and  Brahin  siderolites,  is  ^lobabl^  Tiv>\>  ^Vc^\sa^\s<q&s» 
broDzite. 
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examined  by   H.T.H.  tbe   GraniJ-Duke   Nikolai    Sraximilianovifach 

TOO  Leiic  Uteri  berg ;  tbo  meaa  nmaberB  resulting  from  his  aoalyses 
are  given  wndar  I.  Von  Baumbauer,  bi  whose  paper  we  eball  im- 
mediately turn  our  ooneideration,  also  publishes  a  uow  analysis  of 
this  silicate  (J^-).  and  gives  in  juxtaposition  the  theoretical  ouinbera 
(III.)  oorrespondiog  to  an  olivine  of  the  formula : 
2  FeO,  SiO,  4  7  (2  MgO,  SiO;). 


Bilicicacid 4024  ,„     ...  40-87    ...    ~,.    ¥H» 

Magnesia    4741     4S  B3    ,..    „    4717 

Iron  proloiida   UHil     12-11    «^    „    U'lJ 

Nictel  pioloiide trace     ». 

Manganese  protoxide    0-39  „    ,.,  tnoe      

Alumina O'Dfl  

Tin  Oiido  0  OH  ..    „. 


\ 


99-68  eS'91  100  00 

Bumler  found  araenio  in  this  silicate,  and  Howard  half  a  per  cent, 
of  oxide  of  nickel  The  Dake  of  Letichtenberg  discovered  none  of 
this  oside  in  the  specimens  which  he  esamined.  It  is  not  improbable 
that  Howard  may  have  fallen  into  error  through  the  presence  of 
organic  matter  in  the  ammonia,  employed  in  his  analysis,  having 
rendered  the  precipitation  of  the  iron  oside  incomplete. 

Yon  Kokacharow  finds  the  specific  gravity  of  some  very  pure 
crystals  of  the  olivine  to  be  3-8372 ;  of  some  brown  fractured  granules, 
3-;m.J  ;  the  meiin  being  3'339;i. 

Many  terrestrial  olivines  contain  nickel  protoxide.  Bammelsberg 
found  2-35  per  cent,  in  the  variety  of  this  mineral  occurring  in  the 
basalt  of  Petachau,  in  Bohemia;  Genth  determined  its  presence  in 
that  from  Thjorealava,  of  Hekia ;  and  Sartorius  von  Waltersbausen 
in  the  olivine  of  the  Fiumara  di  Hascali,  near  Etna.  It  has  also 
been  detected  in  the  olivine  of  Langeac,  Haute-Loire ;  it  forms  a 
constituent  of  that  mineral  as  met  with  in  the  Iherzolite  of  the 
Pyrenees,  in  the  lava  of  the  Isle  of  Bourbon,  in  the  basalt  of 
Sneefels-Jotikul,  Iceland,  in  the  melaphyre  of  Oberstein,  and  in  the 
dunite  of  Mt.  Dun,  New  Zealand.  A  knowledge  of  these  facta  in. 
duced  von  Baumhauer  to  examine  with  great  care  the  Pallas  olivine 
for  nickel. 

That  portion  of  a  meteorite  which,  after  the  nickel-iron  has  been 
removed  with  a  magnet,  dissolves  in  acid,  is  usually  regarded  as 
olivine,  2  RO,  SiO|.  Small  quantities  of  alumina,  lime,  manga- 
nese, and  nickel  protoxide,  and  occasionally  of  alkalies,  are,  it  is  true, 
also  found  in  the  solution ;  but  with  the  exception  of  the  nickel  oxide, 
the  occurrence  of  which  is  ascribed  to  the  incomplete  removal  of  the 
nickel-iron  by  the  magnet,  the  presence  of  these  ingredient*  is  attri- 
buted to  the  incipient  decomposition,  even  in  the  cold,  of  the  other 
silicates  of  the  meteorite.'  Mercury  chloride,  a  reagent  the  use  of  which 
was  proposed  by  Rammelsberg,  enables  us  to  separate  by  solution  the 
nickel-iron  from  all  the  silicates.     The  sublimate,  however,  does  not 


^        '  It  bag  been  found  that  the  enstatito  of  the  Bueti  meteorite  (which  see}  ii  sloirlf 
ft  daeompoaed  by  hydrochloric  acid. 
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dissolye  any  portion  of  the  nickel-iron  which  by  oxidation  may 
have  been  convaled  into  hydrated  oxide  of  iron  and  oxide  of  nickeL 
To  remove  them  von  Banmhaner  heats  the  powder,  which  has  pre- 
vionsly  been  treated  with  the  chloride,  in  a  current  of  hydrogen, 
andy  after  reducing  the  oxides  to  the  state  of  metal,  sabjeets  the 
powder  onoe  or  twice  more  to  the  action  of  the  sublimate  in  an 
atmosphere  of  hydrogen.  By  careful  selection  and  treatment  in  the 
aboYo  manner,  he  proceeded  to  operate  on  some  apparently  pure 
olivine  from  the  Pallas  meteorite ;  it  was  of  a  clear  yellow  colour, 
and,  when  heated  for  half  an  hour  in  hydrogen,  lost  no  weight  It 
was  then  broken  up  with  acid,  and  analysed  by  the  usual  method ; 
the  iron  oxide  retaining  any  nickel  oxide  that  may  be  present  was 
twice  dissolved  in  acid  and  thrown  down  with  ammonia.  The  three 
filtrates,  containing  aU  the  magnesia,  were  treated  with  ammonium 
sulphide,  which  produced  a  black  precipitate,  so  small  in  quantity 
that  it  could  not  be  weighed.  Before  the  blowpipe  it  displayed  the 
characteristics  of  a  compound  of  nickel. 

Yon  Baumhauer  expresses  a  doubt  whether  the  nickel  may  not  have 
been  a  comtituent  of  a  trace  of  the  metallic  alloy  which,  in  spite  of 
all  precautions,  may  have  adhered  to  the  silicate.  It  is,  moreover,  a 
question  whether  the  repeated  preoipitatioB  of  the  iron  oxide  with 
ammonia,  even  in  the  presence  of  a  large  excess  of  ammonium 
chloride,  would  effect  the  removal  of  a  very  small  proportion  of 
nickel  oxide  in  so  complete  a  manner  as  Field's  method  with  lead 
oxide.* 

In  May,  1873,  von  Helmersen  addressed  a  letter  to  G.  Rose, 
stating  that  several  members  of  the  Academy  of  Sciences  of  St 
Petersburg,  Schmidt,  Schrenck,  von  Kokscharow,  himself  and  others, 
had  advised  the  Academy  to  institute  an  inquiry  into  the  nature  of 
the  ground  of  the  locality  where  the  Pallas  siderolite  was  found, 
they  being  of  the  opinion  that  such  an  investigation  might  throw 
light  on  its  history,  just  as  an  examination  of  the  rocks  of  Disko 
had  proved  of  great  value  in  facilitating  the  study  of  the  Ovifak 
meteorites.  Lopatin,  a  mining  engineer  stationed  in  Eastern  Siberia, 
was  directed  to  proceed  to  Krasnojarsk  for  that  purpose ;  the  result  of 
his  explorations  has  apparently  not  yet  been  published.  According 
to  Mettich's  report,  a  very  rich  iron  ore  is  found  on  the  hill  and 
close  to  the  epot  where  the  Pallas  siderolite  was  discovered. 

The  Mexican  Meteorites.' 

In  continuation  of  his  earlier  papers  on  the  meteorites  of  the 
Mexican  Republic,  which  appeared  in  1856,  1857,  and  1858,  the  late 
Dr.  Burkart  has  brought  the  history  of  these  remarkable  masses 
down  to  the  date  1874.     He  first  directs  attention  to  the  masses 

*  F.  Field.     Chem,  News,  i.  4. 

'  C.  Rammelsberg.     Zeitsch.  Beutseh.  Geol.  Gesell.,  1869,  xxi.,  83.— J.  L.  Smith. 
Amer.  Jour.  Se.y  1869,  xlvii.,  383;  Amer.  Jour.   8c. ^  1871,  i.  336.— S.  Meunier. 
Th^  presentee  k  la  Faculte  des  Sciences  de  Paris,  1869.     Reeherehes  sur  la  com- 
poiition  et  la  structure  des  M^t^orites,  42  et  sea. — H.  J.  BxiiVLait,    JaKrb.  M-xnerdlogxe^ 
1870,  673/  1871,  861;  and  1874,  22, 
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found  uear  Santa  Boisa,  a  small  town  in  tbe  N.  part  of  tlie  State 
of  Coljaliuiln,  in  lat.  27"  65'  N.  and  long.  2°  16'  W.  of  Mexico,  and 
near  the  boundary  of  the  Bolson  of  Mapinii. 

According  to  the  report  of  Major  E.  W.  Hamilton,  publisbed  by 
Shepard,  the  spot  where  he  discovered  a  number  of  niassea  of 
meteoric  iron  is  called  Bonanza,  80  to  40  miles  nortb,  and  much 
further  west  of  Sta.  Bosa.  Here  Hamilloa  foiuid  scattered  over  an 
ares,  one  to  two  miles  in  diameter,  thirteen  blocks  of  iron,  twelve 
of  which  bad  never  been  sbiH^d :  tlie  otiier,  weighing  75  Ibe.,  waa 
about  to  be  sent  to  Sta.  SoBa.  Tbe  largest,  a  more  or  less  rounded 
block,  is  three  feet  wide  and  two  lo  two  and  a  half  feet  high;  otbera 
were  estimated  to  weigh  from  two  to  three  thousand  pounds. 

Met«oric  masses  found  in  the  ne^bbourhood  of  Sta,  Bosa  are 
mentioned  by  J.  L.  Smith,  and  a  fragment  of  one  of  them  was 
exhibited  at  Uie  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  held  at  Chicago  in  16G6.  It  appears  that  Dr.  Butcher 
obtained  from  the  son  of  Dr.  Long,  who  bad  resided  many  yeare 
in  Sta.  Koaa,  an  interesting  account  of  a  very  brilliant  meteor  which 
in  the  fall  of  the  year  1837  passed  over  the  town  in  a  N.W.  direction; 
shortly  after  its  disappearance  over  tbe  mountains  a  rumbling  sound 
was  heard,  followed  by  a  tremendous  explosion.  The  next  day  Mr. 
Long  endeavoured  to  find  traces  of  the  meteorite,  but  after  two  days' 
severe  and  rough  riding  the  seai-cli  was  abandoned.  Shortly  after- 
wards an  Indian  brought  into  Sta.  Boaa  a  piece  of  what  he  believed 
to  be  silver,  weighing  tea  to  twelve  })ouads,  stating  that  it  had  beau 
fouod  ninety  milei  N.W.  of  the  town;  thia  proved  to  be  meteoric  iron. 
Dr.  Butcher,  after  this  long  lapse  of  time,  determined  to  renew  the 
searcb,  and,  liiring  eifjlit  Mexicans  and  two  Indians  as  guides,  suc- 
ceeded in  finding  tbe  irons  about  ninety  miles  from  Sta.  Rosa.  They 
consist  of  six  masses,  weighing  290,  430,  438,  550,  580,  and  654  lbs., 
wliich  have  been  sent  to  the  museums  of  the  United  States,  and 
two  other  blocks,  weighing  353  and  450  lbs.,  which  have  since  been 
hit  upon. 

This  interesting  group  of  meteoric  irons  consists  of  compact 
metal  containing  no  silicate ;  it  is  not  difficult  to  cut  with  the  saw, 
has  the  specific  gravity  7'692,  and  the  composition  : 

Iron  =  S3S8i  Kickel  =  662;  Cobalt  =  048;  Phosphorus  =  0-02; 
Copper  =  trace.     Total  =  10007. 

Although  these  irons  differ  as  regards  the  amount  of  nickel  tbey 
contain  from  the  meteoric  iron  of  Santa  Kosa  described  in  1855,' 
J.  L.  Smith  believes  that  flie  disparity  arises  from  an  error  in  the 
earlier  analysis,  and  that  it  wilt  In  found  that  the  Santa  Bosa  iron 
belongs  to  the  above  group. 

The  question  which  next  arises  is, — Are  the  two  finds,  described 
by  Hamilton  and  Butcher,  one  and  the  same?  Burkart,  after  care- 
fully weighing  the  evidence  of  both  accounts,  allowed  that  there  ia 
much  to  favour  the  assumption,  and  suggested  that  Shepard  and 
J.  L.  Smith  would  do  good  service  to  science  by  referring  the  subject 
to  the  consideration  of  the  two  observers. 

'  0.  Buchner.     I>ie  JftKorUen.    Ijintiij,  Wia.    Page  192. 
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J.  Gaillemin  Tarayre^  in  his  Notes  arcJiiohgiques  ei  4t1m<h 
graphiques,  while  describing  the  Ckuas  grandes  de  Chihuahua  or 
Maltntzin,  mentions  the  discovery  by  Mailer,  the  Director  of  the 
Mint  at  Chihuahua,  of  a  meteorite  in  the  great  temple  north  of 
Galeana  (lat  80"  22'  N.;  long.  110"  W.  of  Paris).  While  ex- 
cavating  these  labyrinthine  ruins  a  lenticular  piece  of  iron,  50  cm. 
in  diameter,  was  discovered  carefully  enveloped  in  oloth  similar  to 
that  in  which  the  dead  of  the  surrounding  graves  were  wrapped. 

Among  new  meteoric  stones  found  in  Mexico  must  be  mentioned 
the  chondritic  meteorite  described  by  Wohler ;  it  is  stated  that  it  fell 
in  1855  or  1856  at  the  Hacienda  Avilez,  not  far  from  the  mining 
town  of  Cuencam^,  twenty  leagues  N.B.  of  Durango  in  lat.  24°  47'  N. 
and  long.  4"  8'  W.  of  Mexico. 

The  large  meteoric  iron,  computed  to  weigh  19,000  kilog.,  which 
lay  in  the  neighbourhood  of  Durango  in  Humboldt's  time,  and  of 
which  he  brought  fragments  to  Europe  that  were  analyzed  by 
Vauquelin  and  Klaproth,  appears  since  then  to  have  been  lost. 
Burkart,  however,  considered  some  statements  made  by  Guillemin 
Tarayre  in  the  Archives  de  la  Commission  scientifique  du  Mexique  to 
indicate  that  within  the  last  few  years  it  had  again  been  found 
near  the  Cerro  Mercado.  According  to  more  recent  accounts,  the 
locality  of  this  colossal  mass  is  known,  but  is  kept  secret,  as  the 
owner  intends  to  endeavour  to  transport  it  to  Mexico. 

Burkart  briefly  notices :  the  meteoric  iron  from  San  Francisco 
del  Mezquital,  in  the  State  of  Durango,  weighing  seven  kilog.,  which 
was  described  by  Daubree;  a  piece  of  meteoric  iron'  "from  Mexico," 
the  locality  not  being  more  definitely  given,  which  J.  L.  Smith  found 
to  exhibit  very  distinct  figures  when  etched,  and  to  be  composed  thus : 

Iron  =  91-103;  Nickel  =  7-657;  Cobalt  =  0763;  Phosphorus  =  0-020;  with 
traces  of  Copper  and  Sulphur.     Total  =  99-443. 

a  meteoric  iron  at  Los  Zapotes,  four  leagues  from  Cuquio,  which 
is  reported  to  have  been  brought  from  Zacatecas ;  and  the  meteoric 
iron  of  Yanhuitlan  (lat.  17^  35'  N. ;  long.  1°  45'  W.  of  Mexico), 
which  was  in  the  possession  of  the  Emperor  Maximilian,  and  possibly 
comes  from  the  same  locality  as  the  Misteca  Alta  iron  preserved  in 
some  collections.     The  last  two  masses  contain  : 


Yanhuitlan. 

Misteca  Alta. 
I.                        II. 

Nickel 

•  •• 

...      ...      O^l      ... 

...    4-u«7    ..a    ...    y-yiy 

Cobalt 

•  •  • 

...      ...      \j' Zi      ... 

...     0-18     0075 

Insoluble  residue    ...     trace    0  20     — 

The  first  two  analyses  are  by  Eammelsberg,  the  last  by  Bergemann.' 

^  Archives  de  la  Commission  scientijique  du  Mexiqw.     Paris,  1869.  iii.  348. 

*  This  was  probably  a  fragment  of  the  Charcas  meteoric  iron  which  General 
Bazaine  sont  to  Parts. 

3  Burkart  gives  the  following  list  of  localities  of  meteorites  found  in  the  Mexican 
^yihWt:— Meteoric  Stones.  1).  Hacienda  de  Bocas,  N.  of  San  Louis  Potosi,  fell 
1804,  November  24th.  2).  Cerro  Cosina,  near  Dolores  Hidalgo,  District  of  San 
Mieuel  in  the  State  Guanajuato,  fell  1844,  January  — ,11  a.m.  3).  Hacienda 
Avilez,  near  Cucncamd  in  the  State  Durango,  fell  1855  or  1856. — Meteoric  Irons 
(each  locality  lies  to  the  north  of  those  following  it  in  the  list).  1).  The  Casas 
grandes  de  Malintzin,  between  Galeana  and  Corralites,  District  fti«iNQ%,  ^\»i<(!^  qV 


1 


318  Dr.  Walter  Flight— Hklory  of  Melrorites, 

llie  last  pftper  written  by  the  late  Dr.  Burkart  gives  th«  hi8toi7 
of  tlie  meteoric  iron  from  Desoubritlora,  Poblazon,  Qoar CatoTzo,  State 
San  litiuia  Poloai,  to  wliich  we  hnvo  already  allud)^  (see  page  218). 
It  was  fouud  between  1780  and  1783 ;  in  18GC  it  was  conveyed  to 
tbe  Amiilgamatiun  Works  near  Catorae  lo  be  used  in  the  morleroi  or 
Btaniping  millB;  and  in  1871  waa  removed  to  Mexioo.  where  it  came 
into  tlie  puBBeaaion  of  the  Gei^aphical  and  Slatialioal  Society.  In 
1872  th IB  learned  body  uame  to  a  determinatiou  that  the  meteorite, 
which  weighs  576  kilog.,  should  be  broken  up  for  examination, 
which  drew  from  the  Mexican  Natural  Hiatory  Society  an  indignant 
protflEt.  TlioBO  who  take  an  intereat  in  the  correspondence  which 
paaaed  between  the  two  Societies  will  find  below  references  to  the 
joumnla  in  which  it  appeared.'  A  portion  of  fhia  iron  is  one  of  the 
moat  recent  additions  to  the  University  Collection  at  Gottingen, 

The  iron,  of  which  the  anthor  gives  three  drawings,  ia  in  the  form 
of  a  prisni  with  ronnded  ends,  and  has  a  length  of  90  era.  It  has 
a  steel-grey  colour,  takeaa  high  polisli.andis  remarkably  malleable: 
nails,  knife-bladea,  wire,  and  a  watch  spring  have  been  made  of  it. 
"When  etched  it  developes  good  Spurts,  of  which  n  sketch  is  given  in 
Burkart's  paper ;  they  resemble  those  of  the  irou  of  Xiquiptico  ;  the 
angle  109"  corresponding  to  an  oclahedrou  is  fi-equently  noticed. 
Bounded  masses  of  troilite  occur  here  and  there ;  the  hardnees  is 
=  8;  the  xpeeific  gravity  =  7-38.  It  ba«  been  analyzed  by  Patricio 
Hurphy  with  the  following  results : 

lion  =  H9-.51;  Xickcl  -  8-nS ;  fobolt  ^  I'lH  ;   Sulphur  =  0-45;    Clirouium 
and  PhoBjihoruB  —  Truces.     Tola!  =  0395. 

A  very  careful  investigation  has  been  made  of  the  physical  pro- 
perties of  the  wire  forged  from  this  iron ;  it  poEseEses  an  unusually 
high  elasticity,  the  modulus  being  ^  743f)-I7  kilog. ;  the  resistance  of 
the  iron  to  rupture  by  compression  =  38  kilog.,  to  rupture  by  exlen- 
sion  =  40  kilog.  In  each  case  the  sectional  area  of  the  metal  operated 
on  was  1  mm,  square.  The  coefficient  of  the  linear  expansion  of  the 
iron  when  heated  between  0°  and  100=  C.  =  0-000023 3 0783. 

Meunier  has  investigated  two  of  the  Mexican  irons,  those  from 
Charcas  and  the  Toluca  Valley.  A  perfectly  clear  surface  of  the 
Charcas  iron  appears  to  be  naturally  passive.  A  drop  of  copper  sul- 
phate, if  allowed  to  evaporate  at  ordinary  temperatures  on  its  surface, 

ChihnatiuB.  2).  Bonanm,  Stale  of  Colialiuila.  3).  Siprri.  HlBncn.  near  Huaja- 
quillo  (or  Jimtnra).  State  n(  Cliihiinhaa.  4).  San  Gregorio.  State  of  Pliihuahua, 
6).  Hacienda  Coacepcion.  on  the  Kio  Florido,  Stnte  of  Chihuahua.  6).  llaricndB 
\enagU8,probnblr  in  tlie  State  of  Chihuahua.  7).  Plain  near  cl  Mereado  mauntain, 
N.  of  Uurnnco,  State  of  Uuianeo.  8).  Durango  (block  ufed  ns  nn  anvil ;  this  maw 
has  rcctntlj- been  remoTeil  to  Meiiro).  9).  Snn  Fiancisco  del  Mezquital.  State  of 
Duran^o.  10).  DeBcubndorn,  at  I'oblazau,  nrar  Catone,  State  of  San  Louis  Patofi. 
11).  Cliarra.",  Slate  of  Son  Ixiuis  I'ofwi.  12).  Zacateeas.  13).  A  Hutienda  Muth 
(^)  of  /ai'ulocBB.  U).  Xiquipiico,  Uocotitlun.  latlnliuaca,  cte.,  in  the  Toluo  or 
Lerma  Vatlev,  Stale  of  Mexico.  IS).  Chaleo,  Valley  ol  Mcxiro.  IG).  Mihlera  Alta, 
Stato  of  Dui'nea.  IT).  YanhuiClan,  State  of  Oaxaca.  1»).  (r)  Rineun  de  Caparoaa, 
near  Chilpancingo,  on  the  road  to  Aeapolco. 

■  £«Mi»  dt  la  Socitdtiil  dt  GriHiiv/tii  n  Ettudinlicn  dt  la  Jttptiblira  mezienna. 
S*g.  Kp.  Meiico,  1BT2.  Tomo  IV.  Pages  6  and  317.— Zo  lialur«l.z«  Fa-iodiea 
eienlifice  dt  la  Soeicdadmtxicaau  Se  Hiitor%a  natural.    Metico,  1873.  Tome  11.  Pages 
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jields  Tmchanged  blue  crystals  of  the  salt.    The  aUoy  is  of  the  kind 
to  which  Yon  Beichenbach  gave  the  name  of  kamadte,  consisting  of: 

Inia  =  92-0;  Nickel  ^  7*5  ;  Total  =  99  5. 
which  corresponds  with  the  formula  Fe^  Xi. 

The  componnds  of  iron  with  salphnr  which  oocor  in  meteorites 
appear  to  be  sometimes  magnetic  pyrites,  sometimes  troilite  (iron 
monosnlphide).  Meonier  finds  the  sulphides  of  these  two  irons  to 
have  the  composition  given  below.  Side  by  side  with  the  numbers 
resulting  from  his  analyses  are  placed  the  theoretical  percentages  of 
the  two  sulphides  alluded  to : — 

Tohiem.  CluDcaa.  Troiliie  ^FcS;.     Ptrrbodte  ^Fe^S*). 


Iron 

Nickel 

Copper...... 

Soiphor  ... 

69-01 
014 
tnee 
40-03 

••• 
.*• 
... 

56  29 
310 

•  •• 

3921 

•  •• 
••• 

••• 

63^ 

•  •• 

36  36 

•  •• 

•  «« 

••• 

60-5 

••• 

39-'5 

« 

99-18 

96-60 

100-00 

100  00 

Sp.  gr 4-799         ...        4780         ...  4784*         ...        4583* 

From  these  results  Meunier  concludes  that  the  meteoric  sulphide  has 
the  formula  of  pyrrhotite — in  short  that  it  is  not  a  monosulphide. 
It  will  be  seen,  however,  in  the  foregoing  table,  that  though  the  analy- 
tical numbers  point  to  this  conclusion,  the  specific  graAity  of  the 
sulphides  accords  more  closely  with  that  of  troilite.  Analyses  of  the 
sulphide  in  the  meteoric  irons  of  Knoxville,  Seelasge.  Sevier  Co., 
and  Ovifak  /see  page  123  s  fehow  iLai  sulpLide  in  each  case  to  have 
the  composition  FeS.  The  author  states  that  both  sulphides  are 
feebly  attracted  by  the  magnet,  lliough  magnetic  pyrites  in  fine 
powder  is  attracted,  troilite  iFeS/.  neither  in  coarse  fi-agments  nor 
in  powder,  shows,  according  to  my  experience,  the  least  tendency  to 
adhere  to  the  magnet. 

The  crust  of  the  Toluca  iron  has  the  following  composition  : — 

Iron  sesquioxide  =  6893:  Iron  protoxide  =  2S-12;  Nickel  protoxide  =  2  00; 

Cobalt  protoxide  =  trace.     Total  =  99  05. 

which  numbers  correspond  to  the  formula  Fe,  O,,  (Fe  Ni)  O. 

By  treating  the  Charcas  iron  with  mercnry  chloride  a  very  small 
quantity  of  silicate  (?j  was  obtained,  which  was  not  furtlier  exam- 
ined. The  particles  resembled  those  obtained  from  the  Caille  iron 
in  their  action  on  polarized  light.  It  Avill  be  remembered  that  in  the 
Tolnca  iron  G.  Rose  found  a  few  grains  of  what  he  held  to  be  quartz. 

Meunier  gives  the  results  of  an  analysis  of  the  meteoric  iron  found 
at  Xiquipilco  in  1784: — 

Nickel  iron 96*301 

^  X  vXlx&V  •••  •••  •••  •••  •••  •■•  •••  ••«  •••  am  V « 

Schreibersite       1*232 

Graphite     ... 1*176 — 100*191 

The  development  of  figures  on  polished  surfaces  of  meteoric  iron 
by  exjK)sing  them  to  heat  and  the  action  of  acids,  fused  alkalies,  or 
saline  solutions,  has  been  studied  by  Meunier.  When  the  Charcas 
iron  is  heated,  there  are  simultaneously  developed  on  diflfereiit  j)arts 
of  the  surface  the  varied  colours  exhibited  successively  on  a  plate  of 

^  Mean  of  three  determinations  of  the  specific  graTitv  of  the  meteoric  sol^^ 
'  Mean  of  five  determinations  oi  the  specific  grarity  oi  pynVio^e. 
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steel  by  raising  it  to  different  temperatures.  On  examining  (he 
altered  iron,  the  author  was  enabled  to  detect  tbe  presence  of  a 
small  amount  of  the  alloy  termed  plessite.  The  figures  are  in  their 
general  cbai-acters  identical  with  those  developed  by  acid.  When  a 
polished  plate  of  the  Charcas  iron  is  plunged  into  a  hot  solution 
of  copper  sulphate,  the  figures  are  developed  with  gi-eater  distinctness 
than  when  acid  ia  used,  the  lamellm  of  tanite  appearing  red  on  a 
white  ground.  By  employing  mercury  chloride  and  varying  the 
degree  of  conoentraUon  and  temperature  of  tbe  sohition,  a  metallic 
surface  may  be  mads  to  present  as  many  as  three  difierent  phases  of 
crystalline  development.  With  a  hot  concentrated  solution  of  Ihia 
salt  the  Cliarcas  iron  exhibits  the  most  beautiful  figures.  Gold  and 
platinum  chloride  have  also  been  used  by  the  author,  and  the  former 
salt  is  i-ocommended  in  cases  where  it  is  desired  to  arrive  at  an  im- 
mediate knowledge  of  the  orystaliine  struature  of  an  iron. 

To  etch  a  fine  section  of  Toluca  iron,  recently  acquired  by  the 
British  Bluseum,  water  saturated  with  bromine  was  used.  The 
edge  of  tho  slab  was  surrounded  with  modelling  was;  the  bro- 
mine water  was  then  poured  on,  and  in  a  few  seconds  removed  with 
blotting  paper.  The  surface  was  nost  flooded  with  distilled  water, 
which  was  removed  as  before.  Absolute  alcoliol  was  then  poured 
over  the  etched  surface,  and  this  again  was  quickly  taken  away  witli 
faibnlons  paper.  The  iron  was  then  preserved  face  downwards  for 
some  days  in  a  dry  box  filled  with  bnnit  lime.  Plata  IX,  gives  a 
re  preset!  tali  on  of  a  part  of  tbe  surface  of  (his  beautiful  Klab  of  metal. 
The  figures  will  bo  (.-ousidored  when  we  come  to  dcfcribo  those  of 
the  BraiHiau  iron  and  the  crystals  of  meteoric  iron  which  occur  in 
the  Cranbourne  meteorite.' 

(To  it  MUlinurd  in  mir  nexl  Number.) 

VI. — Notes  on  thk  Specific  Ghavitt  op  Phkcioub  Stones. 
liy  Prof.  A.  H.  Chvrcii,  M.A. 

I^IKOM  time  to  time  I  have  accumulated  a  large  number  of  results 
.  obtained  in  identifying  precious  stones  by  means  of  their 
specific  gravity.  From  these  results  I  have  selected  about  70,  which 
will  be  found  arranged  below.  The  observations  have  been  made 
with  care,  and,  where  no  temperature  is  given,  at  15°  5  C. ;  an 
asterisk  denotes  those  determinations  in  which  a  very  accurate  assay 
balance  by  Oertling  was  used,  and  in  whicli  the  specimens  were 
immersed  in  alcohol,  not  in  water.  In  these  latter  determinations 
any  error  would  be  confined  to  tlie  third  place  of  decimals. 

No.  NaiHc.  Remarkt.  Spec.  Ortt. 

1.  *Arn;LAiiiA     ...     Moonstone,  flavrl*«8,  Cejlon        2685 

2.  Hehyl  ...    BruBni»h  Yellow,  flawlesa    2-69 

3.  „  ...     Deep  sky-blue,  flawless  (probnbly  been  heated)...     2-701 

4.  „  ...    Yellow,  Wnme  blue  after  ignition  but  unclianged 

in  spec.  grBV 2  697 

6.         „        Fine  uqnamttrine,  weighing  673  grama     2-702 

1  Kick  {F«l.  A'aiiibl.  nil.  105;  rol-'Juur.  Mill,  tn)  employi  tor  Ihc  ttthing  otintflcial  iron 
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It  will  be  seen  from  these  determinations  that  the  density  of  this 
species  (beryl)  is  remarkably  constant.  I  found  yery  nearly  2*7  for  a 
crystal  of  emerald  of  good  colour,  but  the  number  would  doubtless  have 
been  rather  higher  had  there  been  no  flaws  in  the  specimen. 


No,  Name. 

6.      CHB.TBOBE&TL. 

7. 

8.  ♦ 

9.  ♦ 


» 


Retnarka, 

Golden  yellow,  flawless 

Brownisn  yellow,  flawless  ... 
Yellowish  Drown,  flawless  ... 
Emerald  green,  dightly  flawed 


Spec,  Grav, 
..     3-84 
..     3-734 
..    3-7 
..     8-86 


The  above  numbers  serve  to  show  that  chrysoberyl  may  be  dis- 
tinguished from  chrysolite  by  its  specific  gravity,  although  the 
greater  hardness  of  the  former  species  is  sufficiently  decisive  on  this 
point.  Jewellers  constantly  make  a  confusion  between  the  two 
stones,  especially  in  small  specimens  of  a  yellow  hue ;  but  the  follow- 
ing determination  of  the  specific  gravity  of  a  good  chrysolite  shows 
this  stone  to  be  less  dense  than  the  former  : 

10.  Chbtbolitb.       Peridot  of  rich  green  colour,  flawless 

11.  ,.  The  same  stone  as  No.  10,  after  ignition   ... 


99 

12.  ♦Gabnbt 

13. 

14. 

16. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 


Essonite,  nearly  flawless      

Essonite,  flawed ... 

Essonite,  slight  flaws    ...     ... 

Essonite,  a  nne  specimen     

Dark  r^d,  flawed  and  opac^ae  in  parts... 

The  same  stone  after  heating      

Red,  transparent 

The  same  stone  after  fusion 

v/lcoX  Icu  ...       ...       ...       ...       ...       .•• 

Very  pale  hrownish  red        

Rather  darker  than  No.  21  ...     ...     ... 


•  •• 

3*389 

.«• 

3-378 

•  •. 

3-631 

... 

3-604 

•  •. 

3-666 

•  •• 

3-642 

•  •  . 

4-058 

•  •• 

4-044 

•  •• 

4-059 

..  . 

3-596 

... 

3-89 

..  • 

3-682 

•  •• 

3-696 

Nos.  12  to  15  were  specimens  of  the  stone  usually  called  by  jewel- 
lers the  jacinth.  The  above  determinations  are  corroborated  by  a 
series  of  specific  gravities  of  this  stone  communicated  to  me  by  Mr. 
Rudler.  The  deep  red  or  precious  garnet  often  has  a  specific  gravity 
close  to  that  of  the  ruby.  Specimens  of  a  fine  variety  of  red  garnet 
have  been  lately  sold  for  the  true  ruby ;  indeed,  one  of  these  garnets, 
well  cut  and  mounted  with  diamonds,  requires  a  practised  eye  for  the 
recognition  of  its  real  character. 


23.     • 

Qui 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Milky,  banded,  flawless        ...     

Amber  yellow,  flawless        

Pale  brown,  with  whitish  streaks       ...     ... 

Smoky,  pale  brown       

Pure  rock  crj'stal ... 

Pale  yeUowish  brown,  flawless 

Amethyst,  very  dark     

Amethyst,  dark     

Amethyst,  not  so  dark  as  Nos.  29  and  30  ... 


19" 


2-642 

2-647 

2-651 

266 

2-65 

2-663 

2-662 

2-658 

2-659 


The  above  numbers  seem  to  show  that  dark-coloui*ed  amethyst  is 
really  denser  than  pure  crystal ;  while  the  latter,  again,  is  denser 
than  milky  quartz. 


32. 

Sapphirk. 

33. 

»» 

34. 

»» 

A  white  crystal,  banded  with  blue 
Golden  yellow,  flawless 
Yellowish  grey,  subtranslucent    .., 


3-979 
4-0^ 
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*I\ 


322     Prof.  A.  H.  Church— Sjiectjic  Graiiiy  of  Predoia  Sto?ie».  i 

I  believe  the  apeoific  gravity  of  white,  yellow,  ami  blue  sapphiro  , 
is  ratber  over  4  when  the  apecimcas  examined  are  perfectly  free  trom 
flaws. 

yo.  Ifamc.  Rmnrit.  Sptt.  Orat.  ' 

is.  BrmiL.  ...    Indigo  colonred,  flawleai     IS*    3-679  I 

36.  „  A  similar  ipeciinm        3'71i  ' 

57.  „  Puce  coloured,  flairlem 3-637 

58.  •       „  Base  coloured,  flawIdM 3-631 

Bed,  pink,  and  gale  epinels  are,  I  have  found,  rather  leea  dense   I 

Iban  the  deep  blue  and  greeniali  blue  stonee.     The  specific  gravity    | 
of  this  species  is  very  oloae  to  that  of  the  hyocinthine  garneU  I 

SO.     ToFAi Wbite,  flunleu,  from  Bruil       ...    .„    S-GBT 

«.  „  Ttliite,  llawleu     3  671 

41,  „  WTiite,  flftwleM     3685 

43.  „  While,  alightl;  asvcd,  from  firoiil   i-56i 

43.  „  White,  SawleM— weight  4-369  ^nu       3-673 

44.  „  While,  flaw loM     „     ...     8-fi9S 

46.  „  White,  QuH Ins      3607 

46.  „  Wlne-fdlow,  finwlen „.     ...    S  6311 

47.  „  The  aame  crrsU)  aftor  ignitton  md  ohmge  of 

colour  to  pini 3-SKI 

48.  „  Deep  pink,  uairleu.    Had  been  boated;    weight 

— 2-38agT«DiB _.    3-fi31 

49.  „  Paleekjblue,  flawless S-641 

The  very  brilliut  white  topazes  from  Brazil  have  (bo  far  as  my 

experiments  have  gone)  a  slightly  higher  specific  gravity  than  the 
stones  of  less  lustre  from  Flinders  Island  ,ind  other  hicidities.  ColonreiJ 
topazes  also,  from  all  localities,  appear  to  be  less  dense  than  those 
without  colour.  Heating,  which  cbaages  the  yellow  colour  of  s 
topaz  to  a  rose  pink,  effects  no  alteration  in  its  density. 

60.  •  ToDEMALWB.     Green,  flawlcBs,  from  Braiil 17°    3-164 

Gl.  „  Graas-grcen,  flawed       2-89 

62,  „  Black,  from  Hovey  Tracy     3124 

63.  „  Black,  BoYCJ  Tracy      3-12 

S4.  „  Dull  grepsh  green,  flawless         3  303 

■  66.  „  Green,  Tery  slightly  flawed 3-109 

Black  tourmalines  are  occasionally  miscalled  garnets. 


Greeuith,  from  Ceylon,  flawlesB 

The  some  atone  (68)  after  prolonged  ignition    ... 

Yellow,  flawless    

Brownish  yellow,  flawleaa 

Brown,  flawless    

Dull  dark  green,  slightly  opalescent,  flawleea    ... 
Hair  brown,  transparent  but  flawed,  Fredriks- 


,  aft^r  proloDged  ignition 4'6G7 
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The  above  numbers  call  for  two  remarks.  Firstly,  it  will  be  seen 
that  though  the  density  of  zircons  from  some  localities  is  increased 
by  ignition,  this  is  not  the  case  with  the  Expailly  or  Mudgee  speci- 
mens, which  remain  unaltered  by  heat  Secondly,  some  zircons  are 
of  very  low  density  (No.  63  above).  This  density  remained  the . 
same  after  heating.  The  stone  was  a  true  zircon  however,  giving 
on  analysis  the  per-centages  of  that  species. 

VII. — Glacial  Ebosion.i 

By  J.  6.  GooDCHiLD,  F.G.S. ; 
Of  H.  H.  Geological  Surrey  of  England  and  Wales. 

rnHE  Lower  Carboniferous  rocks  of  the  Yorkshire  Dale  District — 
X  Wensleydale,  Swaledale,  Dentdale,  Grarsdale,  and  the  adjoining 
parts — consist  of  a  series  of  alternations  of  limestones,  sandstones, 
and  shales,  not  usnally  much  inclined  from  horizontality.  The 
harder  beds  of  these  commonly  form  terraced  outcrops,  which  are 
often  several  hundred  yards  in  width  from  the  scar  or  the  steep 
escarpment  at  tJieir  outer  edge  to  their  inner  margin  where  the  next 
bed  above  comes  on.  Owing  to  the  nearly  horizontal  position  of  the 
rocks  throughout  the  greater  part  of  the  district,  many  of  these  ter- 
races and  scars  can  be  followed  for  miles  almost  without  interruption. 
Hence  they  form  perhaps  the  most  prominent  characteristics  of  the 
Dale  District  scenery,  and  they  offer  a  stiiking  contrast  with  the 
generally  regular  outline  of  the  dome-shaped  hills,  and  the  short 
and  irregular  scars  that  characterize  the  adjoining  area  of  Silurian 
rocks. 

The  principal  object  of  the  present  communication  is  to  endeavour 
to  show  how  these  Carboniferous  terraces  and  scars  were  formed. 

Whilst  engaged  with  Professor  Hughes  upon  the  Geological  Survey 
of  the  Dale  District  I  often  noticed  that  the  swallow-holes  marking 
the  presence  of  the  limestones  there  occur  along  only  the  inner 
margin  of  each  terraced  outcrop,  while  nearly  all  the  rest  of  the  rock 
exposed  is  entirely  free  from  such  indications  of  Subaerial  Denudation. 
Then  again,  the  inner  and  the  outer  margin  of  each  rocky  shelf  are 
rudely  parallel  to  each  other  and  to  tlie  outlines  of  the  terraces  both 
above  and  below ;  and  where  the  valley  is  not  very  wide,  the  outline 
of  each  scar,  whether  convex,  nearly  straight,  or  concave,  is  matched 
by  the  corresponding  form  in  the  scar  formed  by  the  same  bed  on  the 
opposite  side  of  the  dale.  Not  less  striking  is  the  frequent  absence 
of  any  debris  from  the  higher  l>e<ls  on  the  same  hill-side,  even  from 
those  close  above  the  limestone  of  the  terrace. 

Hitherto  it  appears  to  have  Ixren  assume^l  that  the  long-continued 
action  of  su1>aerial  agencies  i^  stifficieiit  to  prfKlnce  the  phenomena 
here  referred  to;  but,  however  pl/uiKil.le  at  fir>t  si^ht  this  theory 
may  seem,  wlien  it  is  applies]  to  explain  some  of  tlie  facts  that  an 
attentive  examination  brings  to  li^rht.  it  fails  completely. 

*  The  substance  of  the  f'»jlowin2r  C''irTin;ijri:''Mtion  was  l.'iid  li^-fore  \u*i  Geol'-jrical 
SocietT  24th  Jun«»,  1S74,  br  p^rnii-^-i-^ii  o:  tiit  D  re<^tor-G«r:.*-raI  of  the  Gc-ol  •«'icai 
SurTey*.     It  is  npn.J'i'ie  1  in  it->  pp.5*:n:  Jorru  iri'ri-r  I'r.at  tiie  acc«  mpa*  yinz  t:j<roriea 
may  fcToke  Rome  criiici-m,  which  ti.ey  c  ulj  not  re'tis^e  ^h-ruiu-.  ouTAiA  ^rA^<fe, 
together  with  26  othen,  wad  rtud  in  brief  abstract  at  tUe  laftt  me^tui'^  o\ \\i<:  "ir^^j^vm. 
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Whatever  theory  ia  proposed  to  account  for  the  present  foTm  of  ' 
the  rock  Burffloe  in  the  Torkshire  Dale  District  mnat  be  baeed  upon 
not  only  the  various  olaasea  of  facts  that  are  now  almost  oD  all  bRcda 
admitleJ  to  be  tha  work  of  Bubnerial  agencies,  but  also  upon  the 
following  points  that  do  not  so  easily  admit  of  nn  exphmation: — 1. 
The  outcrop  of  each  limestone  is  irenthered  nearly  equally  all  over; 
and  as  a  rule  swallow -holes  are  found  only  along  its  inner  mar^riu, 
although  there  is  occasionnlly  n  width  of  several  hundred  yards  be- 

''  tween  the  inner  margin  where  the  swallow-boles  are  found  and  the  < 

I  soar  that  forms  the  out#r  edge  of  the  teiraco.     2.  Between  the  trihu. 

tary  valleys  the  soars  either  extend  ia  nearly  straight  lines  or  else 
flwetip  in  broad  convex  or  concave  curves,  whoee  general  regularity 
is  only  occaeionaily  interrupted  by  the  channel  of  a  small  etreum 
front  the  higher  ground.  3.  The  scars  am  as  often  found  perfect  ul 
elevations  of  several  hundred  feet  above  the  bottom  of  tbe  valley 
where  they  occur  as  are  those  lower  down.    In  (he  unso  of  the  highest 

'  thick  limestoneB  of  the  Voredale  Books,  known  respectively  as  llie 

Main  and  Undersett  Limestones,  the  thinHesa  of  Uie  intervening  beds 
causes  the  outcropping  scats  of  the  limeslontis  to  ran  in  pairs,  whiub 
often  keep  the  same  horizontal  distance  apart  for  utiles,  and  thereby 
render  their  regidarity  of  form  more  than  usually  striking.  4.  Where 
the  rocks  are  much  disturbed,  the  characteristio  torraees  usually  keep 

I  to  tha  same  bed  through  all  its  variations  of  positioti  and  inolioation ; 
BO  that  inslanoea  are  not  wanting  in  wbi<»i  the  same  bed  forms  • 
tennco  risiiif;  two  hundred,  or  even  four  luindred  fevt  within  hnlf  a 
niilu.  5.  Little  diwintegrated  ruck  from  the  beils  above  is  commonly 
found  upon  the  limestone  terraces,  even  where  the  absence  of  such 
debris  cannot  be  accounted  for  by  stream  action.  6.  And  lastly,  tha 
tei'races  and  scara  developed  along  the  outcrop  of  each  limestone  are 
usually  even  more  perfect  than  those  of  the  lese-^aeily- weathered 
sandstones  that  tliey  are  associated  with. 

Bearing  these  points  in  mind,  let  ns  see  how  far  the  commonly 
received  tlieoriee  will  apply  in  the  present  cose. 

As  tbe  terraces  here  referred  to  am  seldom  horizontal  for  any  great 
distance,  and  somotimes  have  a  slope  of  even  several  degrees,  it  it 
obvious  that  their  marine  origin  is  quite  out  of  the  question.  This 
theory  therefore  will  bo  passed  without  further  mention. 

The  other  great  class  of  agents  at  work  developing  the  surface 
characteristics  of  each  rock  is  usually  designated  Siibaerial  Denuda- 
tion. Under  this  term  most  writers  include  also  the  abrading  nork 
of  ice  ;  but  in  the  present  communication  Subaerial  Denudation  vriU 
be  taken  to  mean  only  that  kind  of  alteration  of  the  form  of  the 
ground  that  is  effected  by  the  separate  or  the  combined  action  of  the 
weather  and  nmning  water;  while  the  term  Glacial  Erosion  will 
be  used  for  the  abrading  work  of  moving  ioe.  For  the  present  we 
have  to  deal  only  with  the  efl'ecfs  of  Sidwierial  Denudation  upon  tbe 
particular  kinds  of  rock  that  make  up  the  hills  of  the  Dale  District. 
Of  these  by  far  the  most  important  rock  is  limestone,  which  is  found 
in  t  erst  ratified  with  the  other  rocks  in  bands  whose  thicknesses  i«ng« 

\       &om  a  few  incites  to  a  hundred  feet  or  more.     In  character  most  of 
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it  is  of  the  ordinary  Mountain  Limestone  type — a  more  or  less  com- 
pact, grey  rock,  oocnrring  in  "posts"  from  a  few  inches  to  several 
feet  in  thickness.  Each  bed  of  limestone  is  almost  invariably  over- 
lain  by  more  or  less  shale,  and  nearly  as  often  it  lies  directly  ujKm 
sandstone ;  so  that  the  order  of  the  beds  from  the  top  of  the  series 
to  the  lowest  beds  seen  is,  soft  shale  upon  limestone,  which,  in  its 
turn,  lies  upon  a  still  harder  bed  of  sandstone. 

Under  the  action  of  the  weather  each  kind  of  rock  behaves  differ- 
ently. Where  the  outcrop  is  of  shale,  and  forms  a  steep  bank  alon<ir. 
side  a  stream,  the  numerous  divisional  planes  help  to  n>ake  the  rock 
go  to  pieces  in  a  very  short  thne ;  so  that,  in  such  a  case,  whatever 
the  overlying  beds  may  be  like,  the  bank  is  not  long  in  bein^  cut 
back.  But  where  the  outcrop  forms  a  gentle  slope  that  is  out  of  the 
way  of  constantly  running  water,  shale  that  is  not  more  tlMn  usually 
sandy  decomposes  into  a  tough  clay,  much  of  which  remains  at  the 
Borface,  and  thereby  greatly  helps  to  lessen  the  waste  of  the  IhhIs 
beneath.  Some  good  examples  of  the  different  rate  of  weathering 
of  the  same  bed  of  shale  where  exposed  to  the  action  of  running 
water,  and  where  affected  only  by  weathering,  are  found  about  the 
waterfalls  or  "fosses"  in  the  l)ale  District.  Under  the  waterfall  the 
shales  are  kept  in  the  condition  most  favourable  for  tlveir  rapiJ  de- 
composition, so  they  are  quickly  cut  back  beneath  tlw  hanler  beds 
that  form  the  edge  of  the  fall.  But  at  the  outer  end  of  the  ravine 
that  has  been  caused  by  the  gradual  recession  of  the  waterfall,  so 
little  has  subaerial  denudation  accomplished,  notwithstanding  that 
a  rapidly  flowing  stream  is  at  hand,  that  the  differei>ce  between  the 
rate  of  recession  of  the  fall  and  that  of  the  sides  of  the  mvine  is 
occasionally  as  40  to  3.  In  other  words,  while  the  waterfall  is  cut- 
ting back  forty  feet  each  cliff  it  has  left  recedes  only  eighteen  inches. 
The  particular  instance  here  referred  to  is  doubtless  an  extreme  case 
where  the  beds  overlying  the  shale  are  more  tlKin  usually  durable  ; 
but  it  serves  to  prove  that  even  where  there  is  a  rapid  stream  flowing 
the  denudation  of  shale  does  not  go  on  very  rapidly  unless  the  stream 
actually  flows  close  to  the  outcrop.  Where  limestone  is  the  n»ck 
that  overlies  the  shale,  this  is  usually  cut  back  much  faster,  because 
the  surface  water  finds  an  easy  passage  through  the  joints  of  the 
harder  bed.  It  will  be  interesting  to  compare  the  figures  given 
above  with  those  obtained  in  similar  instances  elsewhere.  In  all 
such  cases  the  difference  between  the  width  of  the  outer  end  of  the 
ravine  and  the  width  close  to  the  fall,  compared  with  the  distance 
between  the  two  points  thus  measured,  will  give  very  nearly  the 
ratio  between  the  rate  of  denudation,  on  any  given  rock,  by  stream 
action,  and  that  of  ordinary  weathering. 

If  then,  so  little  denudation  of  a  rock  as  easily  worn  as  shale  has 
been  accomplished  in  Post-Glacial  times  by  the  rapid  streams  of  the 
Dale  District,  where  these  streams  are  absent  we  ought  to  lind  the 
rate  of  denudation  so  slow  as  to  produce  results  that  are  hardly  per- 
ceptible. Accordingly,  it  is  not  uncommon  to  find  glacial  stria^  within 
a  few  feet  below  the  outcrop  of  a  bed  of  shale ;  in  which  case  the 
horizontal  distance  between  the  ice-markings  auA  l\xo  Y^^-a^-Vvw^  ^S 
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tlie  h\ia\e  marVs  the  greatest  dietance  tbat  this  can  have  been  cut  i 
bacfc  in  Post-Glacial  limeB,  I 

'  The  tbinner  kindH  of  Rnnd atone,  especially  where  they  are  mnch 

sjilit  up  by  beds  of  shale,  seem  to  go  to  pieces  very  readily;  but  i 
upon  the  more  compact,  blocky,  and  Hltle  jointed  kinds  ordinary 
weathering  seenis  able  to  jirodtice  very  little  effect.  A  very  good  i 
exaiaplo  of  (his  is  to  be  found  at  Moeedale  Foaa  in  Wensleydale — 
a  wuterfiill  caused  by  the  superposition  of  a  hard  and  blonky  Band- 
stone  on  a  bed  of  soft  and  thinly  laminated  shale.  The  length  of  , 
the  ravine  that  the  fall  ia  found  in  is  nearly  eight  hundred  feet  from  | 
ita  outer  end  to  the  fall  itself;  while  the  difference  in  tba  width 
of  the  ravine  at  the  two  points  measured  is  only  sixty  feet  Tet  in  \ 
this  instance  a  rapid  stream  flows  within  a  few  yards  of  the  foot 
of  the  scars,  which  have  thus  receded  only  thirly  feet  on  each  side 
since  the  ravine  was  formed.  There  is  good  reason  for  thinking  that 
tliia  was  in  Pust-OIacial  timea  The  remarks  made  above  retatire 
to  the  nearness  of  glacial  strire  to  the  outcrop  of  higher  beds  of  shale 
apply  equally  to  the  accompanying  aandstonas  in  similar  positions; 
thus  we  get  direct  evidence  that  aome  of  the  sandstone  scars  have 
not  been  much  altered  in  foi-ra  since  ibe  close  of  the  Glacial  Period. 
For  our  presunt  object  the  rock  of  most  importance  as  regards  ifs 
behaviour  before  subaerial  agents  is  limeatone.  Not  much  more  need 
be  added  to  what  baa  been  already  stAted  about  the  cutting  back  of  a 
waterfall  in  this  rock :  where,  liowever,  it  is  found  in  thick  beds, 
and  is  not  very  much  split  up  by  structural  planes,  limestone  seems, 
under  like  conditions,  to  recede  not  quite  as  fast  aa  sandstone.  But 
under  the  influence  of  the  weather,  limestone,  aa  ia  well  knowo, 
often  disappears  with  great  rapidity.  Jukea'a  comparison  of  it  lo  a 
glacier  melting  before  the  summer's  sun  conveys  an  excellent  idea 
of  the  way  this  rock  is  dissolved  and  earried  away  in  solution  by  the 
waters  from  the  surface.  Tlie  numerous  structural  planea  that  every 
bed  of  limestone  ia  more  or  less  divided  by  are  developed  and  rapidly 
widened  to  a  considerable  depth  from  the  surface  by  the  action  of  tha 
acidulated  waters,  which  thus  easily  find  their  way  to  a  lower  level 
There  seems  reason  for  believing  that  the  absolute  rate  of  dissolution 
of  limestone  is  far  from  slow,  even  when  measured  by  years.  In 
Kirkby  Stephen  Churchyard  there  wna  in  1871  an  erect  gravostcoe 
of  ordinary  mountain  limestone  tliat  was  put  up  about  fifty  yean 
ago.  As  the  stone  was  carved,  at  least  the  greater  part  of  it  must 
once  have  been  smooth  and  unweatliered  ;  when  I  saw  it  in  1871 
there  were  encrinite  stems  and  bits  of  other  fossils  left  in  relief  to 
the  extent  of  a  tenth  of  an  inch  or  more,  because  the  softer  matrix 
had  been  removed  by  the  ntiu  that  has  fallen  on  the  stone  since  its 
erection.  One  cannot  be  quite  sure  even  that  the  highest  parts  of 
the  fossils  acciiralely  represent  the  original  dressed  surfaoe;  but, 
assuming  that  thoy  do  so,  we  Lave  in  this  instance  proof  that  a  smooth 
and  quite  unweatliered  piece  of  limestone,  standing  in  a  position  the 
least  favourable  for  erosion  by  subaerial  agencies,  is  being  dissolved 
away  at  the  rate  of  one  inch  in  five  hundred  years.  Where  the  form 
of  the  surfflco  is  such  that  water  wui  temMnauuie  time  upon  the  rock, 
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all  the  stractaral  planes  near  the  surface  are  rapidly  widened,  by 
which  the  removal  of  the  rock  is  greatly  facilitated. 

It  will  then  readily  be  admitted  by  most  geologists  that  under 
purely  atmospheric  conditions  the  rock  that  tends  to  disappear  the 
ftstest  is  limestone ;  next  to  this  shale ;  and  the  slowest  of  all  to 
weather  away  is  sandstone. 

When  subjected  to  mechanical  erosion,  as  when  these  rocks  are 
being  worn  in  a  river  channel,  the  rates  of  abrasion  are  nearly  as  the 
relative  hardnesses  of  the  three  kinds  of  rock.  Shale  goes  fastest, 
next  to  this  come  the  thinner-bedded  sandstones,  and  longest  of  all 
in  being  worn  away  are  the  blocky  sandstones  and  the  purier  kinds 
of  limestone.  The  last-named  rock  especially  seems  able  to  withstand 
much  of  the  ordinary  wear  and  tear  of  even  a  large  stream.  In  the 
case  of  some  of  the  waterfalls,  the  limestone  forming  the  floor  of  the 
ravine  is  rarely  worn  down  many  feet  lower  at  the  outer  end  than 
it  is  found  beneath  the  fall.  The  same  remark  applies  also  to  many 
of  the  harder  beds  of  sandstone. 

Thus  far  then  it  seems  dear  that  the  rocks  that  best  withstand 
mechanical  erosion  are  at  the  same  time  those  that  are  least  able  to 
withstand  Subaerial  Denudation.  Therefore,  if  Subaerial  Denu- 
dation has  really  had  so  much  to  do  with  the  development  of  the 
existing  surface  characteristics,  we  ought  to  And  the  more  prominent 
features  exclusively  of  sandstone ;  while  the  accompanying  limestone, 
everywhere  but  near  the  streams,  should  be  dissolved  clean  out  of 
sight  But,  although  there  are  in  the  Dale  rocks  frequent  alter- 
nations of  limestones  with  sandstones  and  shales,  in  the  majority 
of  cases  the  more  prominent  terraces  and  scars  consist  solely  of 
limestone. 

If  rivers  have  been  concerned  in  the  formation  of  the  features  in 
question,  it  is  difficult  to  understand  how  these  have  retained  their 
regular  form  in  such  perfection  while  the  stream  that  produced  them 
has  cut  down  several  hundred  feet  into  the  rocks  beneath.  It  is  not 
easy  to  believe  that  a  nver  ever  extended  right  across  the  dale  from 
the  highest  scar  on  one  side  to  the  corresponding  scar  on  the  other ; 
yet  the  advocates  of  the  subaerial  theory  virtually  assume  that  when 
the  scars  were  formed  the  rainfall  was  so  much  greater  than  at 
present  that  the  river  filled  the  dale  from  side  to  side.  There  can  be 
no  better  proof  of  the  fallacy  of  this  argument  than  is  afforded  by  the 
existence  of  inclined  scars  that  rise  towards  the  lower  end  of  the 
valley.  A  good  instance  is  found  near  Carperby,  in  Wensleydale, 
where  a  limestone  scar  and  terrace,  after  a  rapid  descent  of  nearly 
four  hundred  feet  in  just  half  a  mile,  rises  again  to  the  same  level 
within  twice  that  distance,  in  the  direction  of  the  mouth  of  the 
valley.  Yet  in  this  instance  the  scar  and  its  accompanying  terrace 
are  as  perfect  at  the  highest  point  as  at  the  lowest ;  and  where  the 
bed  that  forms  the  scar  is  faulted,  scars  of  nearly  the  same  character 
occur  at  different  levels  within  a  few  yards  of  each  other  on  the 
opposite  sides  of  the  dislocation.  All  such  denudation  by  rivers  is 
limited  to  the  zone  between  the  highest  flood-line  and  the  bed  of 
the  river — rocks  also  fi'om  points  above  this  are  it  i&  tc^^ 
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nndermined  and  brought  down ;  but  a  terrace  cnn  bo  formed  only 
witliiu  the  verticnl  limits  just  naiiieil.  Uetice  it  is  clearly  ini- 
possible  for  a  river  to  shape  rock  into  a  terrace  that  is  inclined 
several  degrees  from  the  liorizontikl. 

Tliua  fur  then  the  objection  against  the  fliivinl  origin  of  tliese  rock 
ledges  are:  1st,  Many  of  them  are  situated  a  thousand  feet  abo^'e 
whore  any  Btreom  thftt  could  give  rise  to  them  could  possibly  flow. 
2nd,  The  ecara  on  both  sides  of  the  valloys  oft«ii  maintain  a  rude 
parallelism  for  long  distances ;  a  convex  outline  on  the  one  side  being 
Opposed  to  one  correspondingly  concave  on  the  other,  even  wfaere  the 
distance  across  the  valley  between  the  two  scars  exceeds  a  niilo. 
Lastly,  each  bed  gives  rise  to  a  form  of  terraoo  that  has  some  more 
or  less  marked  peculiarity  which  appears  at  what^iver  inclination  that 
particular  bed  may  be  lying  at,  and  at  whatever  elevation  it  may 
occur  above  the  bottom  of  the  valley. 

{To  bi  eoneludtd  in  our  Hal  Sumbn-.) 


VIII. — Thk  EuRONEona  NoMRi'oi.ATrKB  OP  THB  Dnirr. 

By  Q.  H.  Kiy*aiM,  U.a.l.A. 

rpHE  necessity  for  a  reform  in  the  present  nomenclature  of  the  Drift 

J.      is  apparent  from  the  differoiit  papei's  on  the  subject,  but  more 

especially   from   the   note   appended  to  Mr.  Bird's  supplementary 

*  paper   on    the    "  Post -Pliocene  Formations   of  the   Isle  of  Man" 

^  (Geol.  Mac.  Mny.  1676,  p.  228).  The  author  of  this  paper  states 
thnt  Ibis  t,'lHciul  drift  is  ■' geuenilly  marine."  Jliy  I  nsk  bow  a 
drift  deposited  in  the  sea  can  be  called  glacial?  Undoubtedly, 
originally,  it  was  ice-formed,  but  bo  also  are  all  the  drifts  or  the 
major  portion  of  tbem,  that  at  the  present  day  are  accumulating  in 
the  seas  round  our  islands,  in  our  lakes,  and  in  our  river  vaileys ; 
let  them  be  shingle,  gravel,  sand,  silt,  or  a  boulder  drift.  A  normal 
glacial  drift  must  be  deposited  direct  from  ice.  If,  however, 
subsequently  it  is  sorted  and  re-arranged  by  water  or  any  other 
agent,  it  ceases  to  be  glacial.  If  any  other  definition  of  glacial  drift 
is  allowed,  in  glacial  drift  may  be  included  shingle,  gravel,  sand, 
silt,  besides  the  different  boulder-clays,  at  the  caprice  of  the 
explorer  or  writer,  if  he  can  only  prove  that  subsequent  to  their 
being  in  their  present  condition,  they  had  been  normal  glacial  drift. 
At  the  present  day,  if  the  sea,  the  waters  of  a  lake,  a  river,  or  even 
rain,  is  denuding  glacial  drift,  a  boulder-clay  may  be  forming, 
identical  in  aspect,  with  these  so-called  "  strati&ed  glacial  drifts  " ; 
they  evidently  are  not  glacial  drii^e,  yet  they  are  formed  by  similar 
secondary  arrangements  to  those  drifts  that  some  observers  would 
rank  as  glacial. 

In  nil  hilly  ground  (such  as  the  Isle  of  Man),  after  the  ice  had 
retired  and  the  sea  occupied  its  place,  the  margin  of  tbe  latter, 
rivers,  etc.,  formed  cliffs  in  the  glacial  drill,  at  the  base  of  which, 
sands  and  such-like  deposits  accumulated  ;  the  latter,  in  many  cases, 
were  subsequently  covered  up  by  the  weathering  from  the  cliffs,  the 
newer  depositions  being  stratified  boulder-claya,  but  of    meteoric 

k  on'gia,   and  probably   formed  long  eiter  all  the  ice  had  left  the 
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oonntry.  Or  the  high-lands  may  have  been  enyeloped  in  ice,  and 
from  the  margins  thereof,  rock  detritus  may  have  been  dropped  into 
the  sea,  forming  drift  accumulations,  not,  however,  normal  glacial 
drift,  as  the  detritus  would  have  been  more  or  less  washed  and 
IB-arranged  by  marine  action. 

As  to  the  Irish  drift.  Over  twenty  years  ago,  it  was  supposed  that 
there  were  two  glacial  drifts  separated  by  gravels  and  sands ;  but 
daring  the  subsequent  examination  of  the  island  under  the  late 
J.  Beete  Jukes,  F.B.S.,  it  was  proved,  that  although  there  are  two 
glacial  drifts  (boulder-day  drift  and  boulder  or  moraine  drift),  yet 
between  them  there  are  no  sands  and  gravels,  the  sands  and  gravels 
being  newer  than  both,  and  found  indiscriminately  on  either. 
Within  the  last  few  years,  however,  on  very  partial  and  immature 
observations,  this  old  theory  of  the  "  middle  gravels  "  was  again 
started ;  but  in  subsequent  papers  the  unsoundness  of  the  arguments 
and  statements  in  its  favour  was  demonstrated.  If  the  author  of 
the  paper  on  the  "  Post-Pliocene  Formation  of  the  Isle  of  Man  "  will 
tnm  to  my  letter  in  the  April  Number  of  the  Magazine,  he  will  find 
that  inadvertently  he  miscfuotes  it  A  glacial  drift  ahove  the 
"  middle  gravels  "  is  what  has  not  been  found  in  Ireland,  but  an 
upper  glacial  drift  is  well  known. 


IX. — The  Post-Pliocene  Fobmationb  of  the  Isle  of  Man. 

By  John  Horne,  F.G.S.  ; 
Of  the  Geological  Survey  of  Scotland. 

IN  the  postscript  to  his  paper  on  the  Post- Pliocene  Formations 
of  the  Isle  of  Man,  Mr.  J.  A.  Birds  takes  exception  to  my 
classification  of  the  Manx  drifts.^  He  states  that,  "  a  priori,  is  it  not 
against  Mr.  Home's  view  of  his  Lower  Boulder-clay  being  really 
such  that  there  should  be  intermediate  formations  of  sand  and  gravel 
when  the  cold  was  at  its  extreme,  and  the  ice,  according  to  his 
showing,  from  2000  to  3000  feet  thick  ? "  To  those  who  are  well 
acquainted  with  the  appearances  presented  by  interglacial  deposits, 
this  objection  cannot  have  any  weight.  The  Lower  Boiilder-clay 
or  Till  of  North  America,  of  Sweden,  and  of  Scotland,  contains  well- 
marked  accumulations  of  fossiliferous  sedimentary  matter ;  and  non- 
fossiliferous  sand  and  gravel  are  of  common  occurrence  in  the  Till 
of  these  and  other  countries.  From  these  and  other  considerations, 
it  is  most  probable  that  the  Till  or  Lower  Boulder-clay  and  its  inter- 
calated beds  betoken  a  succession  of  cold  and  warm  periods.  The 
appearance  of  layers  of  sand  and  gravel  in  the  Manx  Boulder-clay 
is  quite  in  keeping  with  the  facts  referred  to. 

Mr.  Birds  further  notes,  "  that  if  all  the  deposits  are  assigned  to 
the  first  glacial  period  and  the  great  submergence,  what  memorials 
are  left,  beyond  some  possible  moraines,  of  the  second  glacial  period, 
or  the  times  next  preceding  and  following  it?  Surely  there  ought  to 
be  such  if  the  land  has  not  been  submerged  since."  The  author 
seems  to  forget  that  the  glaciers  of  the  post-submergence  period 
were  confined  mainly  to  the  upland  valleys.     They  did  not  deploy 

I  See  Geol.  Mao.  May,  1875,  p.  226. 
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far  into  tlie  low  grouuda,  and  tlierefore  no  other  memoriala  ooold    ' 
have  been  left,  eicopt  "  some  possible  moroinee." 

One  or  two  remarks  mny  now  bo  made  on  the  sucaeaaioii  advanced 
by  Mr.  Uirds,  He  consiUera  the  truo  Lower  Boulder-clay  to  be 
represented  by  the  shelly  claya  which  occur  in  the  cliff  sections  in 
the  north  part  of  the  island,  stretching  from  Kamsey  to  the  Point  of 
Ayre,  and  thence  to  Eirkmicliael.  Forbes  long  ago  eiantiited  these 
beds,  and  pointed  out  that  they  lie  usually  at  the  baae  of  the  cliifa. 
being  capped  by  a  g^at  thickness  of  stratified  sands  and  gravels,  on 
which  rest  large  boulders.  Now  the  difference  between  these  shelly 
clays  and  true  Lower  Boulder-cLay  is  so  distinot  and  obvious  that  I 
cannot  see  how  any  one  who  has  had  experience  in  mapping  drifts 
can  possibly  confound  them,  Tbe  clays,  which  attain  a  great  thick- 
ness between  Sea- view  and  Port  Cranstal,  contain  few  stones.  These 
are  no  doubt  smoothed,  and  often  soratohed ;  but  their  occurrence  is 
quite  exceptional,  Moreover,  the  clays  are  often  finely  laminated, 
and  the  position  of  the  stones  in  some  places  is  snoh  as  to  lead  one 
to  believe  that  they  had  been  dropped  during  the  accumulation  of 
tlio  thin  layers  of  mud.  In  short,  these  marls,  so  far  as  I  saw, 
strongly  resemble  in  general  appearance  the  glacial  clays  of  the 
Forth  and  Clyde  basins,  and  similar  deposits  at  Dumfries  in  the 
Nith  basin.  It  is  hardly  necessary  to  point  out  that  such  is  not  the 
character  of  true  Lower  BouldeT-olay  or  Till.  This  latter  deposit 
is  always  highly  charged  with  stones,  most  of  which  are  scratched  on 
overy  side,  the  matris  beinp  extremely  tough  and  'piito  devoid  of 
stratification.  But  further,  these  marls,  north  of  Kamaey,  contain 
sheila  in  abundance,  which  have  been  named  by  Forbes ;  while  the 
tnie  Lower  Boulder-clay  is  unfoasiliferous.  It  is  quite  true  that 
sheila  have  been  obtained  from  Boulder-clays  in  different  parts  of 
Scotland,  Lancashire,  and  elsewhere ;  but  these  are  more  reoent  than 
the  Till,  though  belonging  to  the  pre-subergence  period.  If  further 
proof  were  needed  to  convince  Mr.  Biids  that  there  is  a  difference 
between  these  shelly  clays  and  true  Boulder-clay,  reference  might 
be  made  to  a  section  near  Fort  St.  Mary,  on  the  south  side  of  Uie 
island.  After  turning  the  point  south  of  the  lime-kilns,  a  deposit  of 
stiff  stony  clay,  packed  with  angular,  subangular,  and  smoothed 
stones,  most  of  them  scratched,  is  found  resting  on  striated  beds  of 
Carboniferous  Limestone.  This  bed,  which  resembles  an  Upper 
Boulder-clay,  is  overlaid  by  finely  laminated  Brick-clay  with  sbells, 
but  containing  few  stones,  from  6ft.  to  10ft.  thick;  w^ile  the  shelly 
clay  is  capped  in  turn  by  stratified  Sands  and  Gravels.  There  can 
be  little  doubt  that  this  shelly  clay  is  of  the  same  age  as  the  marls 
north  of  Hamsey,  and,  if  so,  then  there  is  here  direct  evidence  that 
the  shelly  clays  are  more  reoent  than  the  Upper  Boulder-clay. 

Again,  Mr.  Birds  ranks  all  the  Boulder-clays,  other  than  the 
shelly  clays,  as  belonging  to  his  upper  series.  "This  Upper 
Boulder-clay,"  says  the  author,  "  was  not  formed  altogether  during 
the  second  continental  period,  but  probably  it  was  deposited  during 
the  middle  or  towards  the  latter  end  of  the  emergence,  and  continued 
to  be  deposited  for  some  time  during  the  second  submergence.'" 
'  See  Qboi..  11*0.  ¥BV\816,i[-%^.«i"q- 
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His  diagrama,  which  are  intended  to  illaatrate  this  atatement,  ahow 
that  he  believea  hia  Upper  Bonlder-cLiy  to  be  postsriob  to  the 
"  Middle  Drift"  or  Eame  seriea.  What  are  the  reaaona  aaaigned  by 
the  author  for  alnmping  these  Bonlder-daya  aa  part  and  parcel  of 
hia  upper  aeries  ?  Because  "  this  clay  ia  found  almost  alwaya  at  a 
higher  leyel  than  the  Middle  Drift  &tnd8,  and  from  ita  containing 
scarcely  any  but  local  rocks,  and  those  alwaya  angular  or  in  a 
very  slightly  rolled  condition,  I  conclude  that  it  is  the  wash  of  the 
monntaina  towards  the  later  part  of  their  rise  and  in  the  beginning 
of  their  second  submergence  in  the  sea,  and  due  partly  to  the  action 
of  the  sea  itself  by  tides  and  wayee,  partly  to  rainfall  and  an  accu- 
mulation of  snow  and  ice  upon  the  land,  combined  with  the  most 
effectiye  cause  of  all — ^the  grinding  of  coaat-ice  swept  along  by 
violent  currents."  In  the  absence  of  any  direct  evidence  of  super- 
position, I  fear  that  these  argnmenta  can  have  but  little  weight  In 
Scotland,  for  instance,  true  Lower  Boulder-clay  occurs  very  fre- 
quently at  higher  levels  than  the  Eame  seriea ;  and  in  the  Till  there 
always  is  a  preponderance  of  local  over  foreign  rocka,  the  number  of 
the  latter  diminishing  in  proportion  to  the  distance  from  the  parent 
source.  As  to  the  last  of  these  reasons,  my  observations  enable  me 
to  state  that  such  is  not  the  case  with  reference  to  all  the  Boulder- 
clays  included  in  his  upper  series.^  In  the  case  of  those  Boulder- 
clays  described  in  my  paper  as  representing  true  Till,  the  stones  are 
neither  angular  nor  slightly  rolled ;  on  the  contrary,  they  have 
the  smoothe<l  character  of  ordinary  Till  stones  >vith  well-marked 
scratches.  Mr.  Birds  indicates  localities  unvisited  by  me,  and,  of 
course,  I  have  nothing  to  say  with  reference  to  these  sections. 

The  author  further  says :  "As  to  which  is  the  true  order  of  the 
formations,  the  question  muRt  be  determined,  of  course,  by  reference 
to  sections,  such  as  that  of  which  Mr.  Home  has  given  a  lithograph, 
near  the  mouth  of  the  Ballure  Glen,  and  by  all  sections  thence  along 
the  northern  base  of  the  hills  to  Kirkmichael."  Glancing  for  a 
moment  at  this  section  exposed  on  the  coast  cliff,  we  have  here  two 
Boulder-clays,  regarded  by  Mr.  Birds  as  belonging  to  his  upper 
aeries,  which  are  separated  by  sands  and  gravels  and  capped  by 
stratified  sands  and  gravels,  which  appear  to  stretch  northwards  to 
Ramsay,  where  the  "Middle  Drift"  series  begins.  This  section 
seems  to  indicate  that  these  Boulder-clays  pass  underneath  the 
stratified  sands  and  gravels  of  the  "  Middle  Drift"  series.  Other  sec- 
tions might  be  adduced  which  seem  to  point  to  the  same  conclusion. 


35roa?iCES    OIF   hs^cezs^eoii^s. 

Bed    Chalk    and    Red    Clay.     By  Professor    A.   H.  Church. 
From  the  "Chemical  News,"  May  7,  1875. 

SOME  years  ago  I  published  an  analysis*  of  the  Red  Chalk  of 
Hunstanton,  Norfolk.  The  specimens  which  I  examined  more 
minutely  were  those  in  which  the  red  colour,  so  characteristic  of 
this  variety  of  chalk,  was  exceptionally  developed.     In  these  speci- 

1  See  Tnuu.  Geoh  Soc.  Edin.  vol.  u.  part  m. 
'  1863,  Joum.  Chem,  Soc.  (2),  lol.  v.  p.  99. 


332  Notices  of  Memoirs— Prof.  A.  JI.  Church— 

luenB  I  found  a  high  per-cenlnge  of  ferric  oxide,  with  very  little 
silioa  and  alumina.  Mr.  K.  C.  Clapham  had  shown,'  however,  that 
some  samplea,  at  all  events,  of  red  chalk  contained  as  much  as  9'28 
per  cent,  of  Bilioa,  with  9'6  per  cent,  of  ferrio  oxide  and  1'42  per  cent. 
of  alumina,  and  that  thcBe  three  ingredients  were  aleo  present  in 
white  chalk,  though  in  much  smoller  proportions. 

In  view  of  the  recoat  diBOOvories  aa  to  the  materials  constituting 
the  floor  of  the  deep  sea,  aud  acting  ujion  a  BUggestion  Blade  by 
Professor  J.  Morris  as  to  the  probability  of  some  near  oonneiion 
between  red  chalk  and  the  "red  clay"  of  certain  deep  tracts  of  the 
ooeon  bottom,  I  have  again  studied  tlie  chemical  nature  of  the 
former  material;  but  this  time  I  employed  a  different  method  of 
analysis,  and  I  operated  upon  the  paler  and  more  ordinaiy  variety 
of  red  ohalk.  The  samples  used  were  numerous,  but  the  resalts  of 
the  treatment  to  which  they  were  submitted  were  nearly  nniform. 

The  following  is  a  brief  oullioe  of  the  plan  which  was  pursued  in 
order  to  see  if  it  were  possible  to  aeparata  from  red  chalk  a  red 
clay,  slime,  or  ooze,  similar  to  that  which  is  reported  by  the  officers 
of  the  Challenger  Expedition  to  cover  the  Atlantic  bed  at  average 
depths  of  some  2700  fathoms.  Treatment  with  very  dilnte  hydn>- 
chlorio  acid  in  the  cold  seemed  the  beat  way  of  ivraoving  the 
calcium  carbonate  present.  This  acid  was  allowed  to  act  upon 
BmaU  crushed  pieces  of  selected  red  cluilk  until  frenli  acid  failed  to 
remove  any  further  ti-aces  of  cnltnum.  By  appropriate  washing  in 
an  appitratus  sitiiilrir  to  that  figured  in  my  '' Liibontory  Hiiidi.',"' 
the  tiner  portion  of  the  undissolved  residue  from  the  chalk  was 
readily  seporated  from  the  siliceous  fragments  which  accompnnied  it. 
This  finer  portion  remains  suspended  for  some  time  when  stirred  up 
in  pure  water,  aud  was  found  to  be  almost,  if  not  quite,  homogeneous ; 
it  contained  no  lime.  It  amounted,  on  the  average,  when  air-dried, 
to  9'3  per  cent,  of  the  weight  of  the  chalk  taken,  but  some  dark 
samples  furnished  higher  per-centages.  Its  physical  characters  corre- 
spond, so  far  as  I  can  learn,  to  those  of  the  red  residue  obtained  by 
Mr.  Buchanan  from  the  Globigerina  ooze,  and  to  those  of  the  smooth 
red  clay  before  referred  to  ae  brought  up  from  the  deeper  [larts 
of  the  sea-bottom. 

The  following  analysii  abundantly  proves  how  closely  the  chemical 
composition  of  the  red  argillaceous  residue  from  red  chalk  resembles 
the  red  clay  in  question  :  — 

Analytia  of  Red  Clay  from  Bed  Chalk. 

Alr-Ddfd.    Dried  at  1«(r>  a    Ipiittd. 

Wal«r 14-73  7-54  — 

Silica S2-87  67-33  62-01 

Ferric  oiidB  (FsjOs)     ,     .  1281  13-89  16-02 

Alumina IB-GB  16-97  18-36 

Mngncsia  (MgO)      .     .    .      2-66  !i-87  3-11 

Putash  (KiO)      ....      1-33  1-46  1-S6 

^  100-04  100-06  100-06 

■  '  1862.  ChemicBlKeiiB,Tol.  Ti.  p,  313. 

'  "  Laborslory  Giude,"  3t4e^^im,\%1^,t-'V<>^. 
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Althoogb  the  above  numbers  clearly  indicate  a  substance  which 
may  be  fairly  designated  ''a  silicate  of  red  oxide  of  iron  and 
alumina,"  like  the  "red  clay"  of  Professor  Wyville  Thomson,*  it 
would  be  idle  ndw  to  speculate  as  to  the  probable  correspondence, 
in  the  minuter  details  of  their  composition,  of  the  red  chalk  residue 
with  the  red  clay  of  the  deep  Atlantic  and  Southern  Sea.  Still  it 
may  be  profitable  to  allude  to  two  or  three  points  which  are  likely 
to  throw  light  upon  the  relationship  of  the  white,  grey,  and  red 
chalk  with  the  globigerina,  the  grey  and  the  red  ooze,  respectiTely. 
First,  analysis  seems  to  show  that  the  removal,  in  different  degrees, 
of  calcareous  matter,  however  effected,  has  been  the  main  cause  of 
the  differences  of  such  formations.  Secondly,  it  would  appear  that, 
although  manganese  dioxide  is  present  in  granules  and  nodules  in 
the  red  oceanic  clay  and  in  the  coarser  particles  of  the  red  chalk,  it  is 
absent  alike  from  the  finely-divided  substance  of  the  former  and  the 
similar  red  residual  slime  of  the  latter.  And,  thirdly,  the  suggested 
relation  beetween  both  these  red  matters  and  the  mineral  known  as 
glaueontte  receives  an  unexpected  light  through  the  detection  of 
sensible  quantities  of  magnesia  and  potash  in  the  red  chalk  residue ; 
for  the  latter  base  is  an  invariable  constituent,  and  the  former  an 
usual  one  of  this  species. 

The  complex  and  rather  variable  silicate  which,  from  its  grey- 
green  hue,  has  received  the  name  of  glauconite,  is  known  both  in 
ancient  and  recent  formations  of  greensand.  The  casts  of  animal 
forms  which  constitute  the  glauconitic  grains  of  Cretaceous  Greensand 
strata  are  paralleled  by  similar  remains  in  the  recent  greensands  of 
the  Australian  seas,  and  of  those  of  the  Agulhas  current  investigated 
by  the  scientific  staff  of  H.M.S.  Challenger.  But  the  problem  of  the 
formation  of  recent  greensand,  or  rather  of  glauconitic  matter,  at 
moderate  depths,  and  of  the  related  red  clay  at  very  great  depths, 
is  not  yet  solved.  It  is  by  no  means  necessary  to  suppose  that 
glauconite  was  always  first  formed,  and  that  it  yielded  the  red  clay 
in  question  by  oxidation  and  partial  solution,  just  in  the  same  way 
that  kaolin  or  white  clay  has  been  produced  from  felspar.  This  has 
probably  happened  in  some  instances ;  but  it  may  be  assumed,  on 
the  other  hand,  that  the  same  constituents  have  yielded  one  or  other 
of  these  two  products,  in  accordance  with  differences  in  the  dissolved 
gases  and  salts  of  the  ocean  and  in  the  nature  of  its  prevalent  animal 
and  vegetable  forms. 

One  step  towards  the  discovery  of  an  answer  to  the  problem  now 
under  discussion  might  be  furnished  by  a  careful  study  of  the  action, 
under  pressure,  of  water  holding  oxygen  and  carbon  dioxide  in 
solution,  upon  powdered  glauconite.  But  we  really  stand  in  need 
of  more  information  as  to  this  species  itself,  for  the  composition  of 
the  numerous  minerals  included  under  this  name  is  somewhat  ill- 
defined.  Still  we  may  conclude  that  it  contains,  as  essential  con- 
stituents, silica  to  the  extent  of  50  per  cent. ;  a  variable  amount  of 
alumina ;  much  iron  in  the  ferrous,  as  well  as  in  the  ferric  condition; 
several  per  cents  of  potash;  a  little  magnesia;  and,  finally,  about 

^  Proc.  K07.  Soc.,  Tol.  xxiii.  pp.  39  and  45. 
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7  or  8  per  oeni  of  w&ter.  It  would  not  require  a  very  profmind 
alteration  of  siicii  ft  mineral  to  give  it  the  oumpoeilioD  indicat^l  by 
the  ttualyeie  of  our  roc!  cbulk  rmidue  when  driud  nt  100'  C.  Sini 
alteration  would  involve  peroxidation  of  tlie  iron,  removal  of  mod 
of  the  potneli,  and  relative  increase  of  the  alumina,  results  conimonl; 
Been  in  many  altered  mineral  reeidues. 

Grcnt  interest  attache*  to  all  questions  concerning  tlie  red  ooeanic 
cliiy.  Its  minute  analysis  will,  doubtless,  solve  some  of  the  problems 
referred  to  in  the  present  iraperf«)t  uote.  In  the  mean  time,  I  am 
anxious  that  it  should  not  be  supposed  that  I  ignore  the  differences 
which  must  subsist  between  recent  oceanic  deposits  and  the  rocka 
whii'h  we  may  consider  to  have  originated  in  former  ages  froia 
similar  materials.  It  is  not  that  the  mere  prooess  of  consolidatioa 
must  have  altered  them,  but  that  the  influences  to  which  they  Iihto 
been  subsequently  exposed  may  have  caused  unsuspected,  thougb 
not  inconsiderable,  changes  tn  their  ohemioal  conatitution.  M.iterinli 
for  the  discuBsiou  of  this  question  are  atill  deficient,  and  we  most 
await  complete  quantitative  analyses  of  reoent  glauconitc,  and  uf  the 
red  oceanic  clay,  before  ft  deoUion  oan  be  reached.  On  acoount  of 
this  insufficiency  of  data,  I  hare  lefrainsd  from  snggesting  any 
formula  for  the  red  clialk  residue,  though  it  may  have,  like  kaoliiiiie. 
a  cluim  to  be  regarded  as  a  mineral  spocits. 

GEOi.ofiicAL  Society  of  Ijonoon. — May  12t]i,  1875, — -John  Evans, 
Esq..  V.r.lt.S.,  President,  in  the  Chair.— The  fuUowiug  couimuuica- 
tions  were  read  ; — 

1.  '•  Notes  on  the  OccuiTcnce  of  Kozoon  canadeiise  at  Cote  St.  Pierre." 
By  Princiiwl  Dawson,  EL.D.,  r.lI.S.,  FG.S. 

The  author  comnu-uccd  by  describing  the  arrangement  and  nature 
of  the  deposits  containing  Eozqom  at  tho  orittinnl  locality  of  Cote  St, 
Pierre  on  tho  Ottawa  Uiver.  The  Eozoal  limeatone  is  a  thick  baud 
between  the  two  great  belts  of  gneiss  which  here  form  the  upper 
beds  of  tlie  Lower  Laurentian.  Eozooh  is  abundant  only  in  one  l>eii 
about  4  fcL't  thick  :  but  occ.isional  specimens  and  fragments  occur 
througliout  the  hand.  'I'ho  limestone  contains  IkukIs  and  concretions 
of  serpentine,  and  is  ti-aversed  by  veins  of  chrysotile;  tlie  former 
an  original  part  of  the  deiKisit,  tho  latter  evidently  of  subsequent 
formation.  A  thin  section,  5\  inches  iu  depth,  showed  : — 1.  Lime- 
stone with  crystals  of  dohmiite  and  fragments  of  Eoioon ;  2.  I'iue- 
grained  limestone,  with  gr.tnides  of  seqientine,  casts  of  chani!>erlets 
of  Eozooii  and  of  small  I'Viraminilera;  3.  Limestone  witli  dolomite, 
and  contJiihing  a  thin  layer  of  serpentine;  ■i.  Limestone  .and  dolo- 
mite witli  grains  of  serpentine  and  IVagments  of  supplemental  hkelelon 
of  EozooH ;  5.  Crystallized  dolomite,  with  a  few  fmgments  of  Kotoo* 
in  the  state  of  calcite  ;  0.  Limestone  containing  serpentine,  as  No.  2. 
The  author  criticized  some  of  tlie  figtircs  atid  htatements  put  forwanl 
by  Jlessrs.  King  and  Howney,  nnd  noticed  two  forms  of  Eozooi. 
which  ho  proposed  to  if'^aid  as  vavieties,  uuiler  the  names  of  unitor 
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and  ac^rvvXina,  He  stated  that  fragments  of  EozooUf  included  in 
doloQiitic  limestones,  have  their  canals  filled  with  transparent  dolo- 
Bute,  and  sometimes  in  part  with  calcite.  In  one  specimen  a  por- 
tion was  entirely  replaced  by  serpentine.  The  author  called  parti- 
cular attention  to  the  occurrence  of  serpentinous  casts  of  chamberlets, 
single  or  arranged  in  groups,  which  resemble  in  form  those  of  the 
Globigerine  Foraminifera.  These  may  belong  either  to  separate 
organisms,  or  to  the  Acervuline  layer  of  the  Eozoon  ;  the  author 
proposes  to  call  them  ArcluBOspherincB,  and  describes  them  as  having 
the  form  and  mode  of  aggregation  of  Globigerina,  with  the  proper 
wall  of  Eozoon,  The  author  discussed  the  extant  theories  as  to  the 
natare  of  Eozoon,  and  maintained  that .  only  that  of  the  infiltration 
of  tiie  cavities  of  Foraminiferal  structure  with  serpentine  is  admis- 
sible. He  particularly  referred  to  the  resemblance  of  weathered 
masses  of  Eozoon  to  Stromatoporoid  Corals. 

2.  "Bemarks  upon  Mr.  Mallet's  Theory  of  Volcanic  Enei^." 
By  the  Bev.  O.  Fisher,  M.A.,  F.G.S. 

Mr.  Mallet's  paper,  read  before  the  Boyal  Society  in  1872,  was 
discussed  by  the  author  Mriaiim  as  far  as  it  seemed  open  to  criti- 
cism. With  respect  to  the  condition  of  the  earth's  interior,  whether 
it  be  rigid  or  not,  Sir  W.  Thomson's  arguments  for  rigidity  were 
referred  to,  and  geological  difficulties  in  accepting  his  conclusions 
suggested.  Mr.  Mallet's  views  regarding  the  formation  of  oceanic 
and  continental  areas,  that  they  have  on  the  whole  occupied  nearly 
the  same  positions  on  the  globe  at  all  periods  from  the  very  first, 
were  excepted  to  on  the  ground  that  all  continental  areas  with 
which  we  are  acquainted  are  formed  of  water-deposited  rocks,  and 
that  therefore  those  areas  must  at  some  time  have  been  sea- 
bpttoms  ;  and  if  these  wide  features  have  not  occupied  the  same 
positions  which  they  now  do  from  the  very  first,  Mr.  Mallet's  ex- 
planation fails,  that  they  were  caused  by  unequal  contraction  when 
the  crust  was  first  permanently  formed  and  -thin.  It  was  also 
shown  that  the  theory  of  unequal  radial  contraction  cannot  account 
for  the  difference  of  elevation  between  continental  and  oceanic 
areas  upon  reasonable  assumptions.  For  if  we  consider  the  crust  to 
have  been  400  miles  thick  (which  cannot  be  considered  thin),  and  to 
have  cooled  from  4<)00°  F.  to  zero  (a  most  extravagant  supposition), 
then,  if  the  crust  had  contracted  one-tenth  more  beneath  the 
oceanic  area  than  it  had  done  beneath  the  continental,  we  should 
only  get  a  depression  of  one  mile  for  the  oceanic  area,  using  Mr. 
Mallet's  mean  coefficient  of  contraction. 

The  main  feature  of  Mr.  Mallet's  theory  was  then  discussed,  viz. 
that  *'the  heat,  from  which  terrestrial  volcanic  energy  is  at  prestnt 
derived,  is  produced  locally  within  the  solid  shell  of  our  globe,  by 
transformation  of  the  mechanical  work  of  compression  or  crushing 
of  portions  of  that  shell,  which  compressions  and  crushings  are 
themselves  produced  by  the  more  rapid  contraction  by  cooling  of 
the  hotter  material  of  the  nucleus  beneath  that  shell,  and  the  con- 
sequent more  or  less  free  descent  of  the  shell  by  gravitation,  the 
vertical   work  of  which  is  resolved  into  tangenl\&\  ^t^^mt^*^  ^sA 
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motion  wilhin  the  eliell."  Mr.  Mallet's  tnodo  of  estimating  the 
amount  of  beat  derivable  from  crushing  a  cubic  foot  of  rock  wus 
explained,  and  it  was  accepted  as  a  poBlulat«,  that  the  beat  de- 
veloped by  crushing  one  cubic  foot  of  rock  would  be  ^ufiicicnt  lo 
fuse  0108  of  a  cubic  foot  of  rock  ;  or,  in  other  wonls,  that  it  would 
require  nearly  tlio  heat  developable  by  crushing  ten  volumes  to  fuse 
one.  Mr.  Mallet  considers  that  the  heat  so  developed  may  l-s 
localized.  But  Mr.  Fisher  inquires  why,  since  tiie  work  is  distri- 
buted equally  with  the  cnishing,  the  heat  should  not  be  ao  also; 
and  since  no  cause  can  be  assigned  why  one  portion  of  the  crushed 
portion  of  rock  should  be  heated  more  than  the  rest,  assumes 
that  all  which  is  crushed  must  be  healed  equally.  In  short,  fae  is 
of  opinion  that  if  Mr.  Mallet's  theory  -were  true,  the  cubes  expe- 
rimented iipon  ought  to  have  been  themselves  fused. 

After  paying  a  just  tribute  of  admiration  to  Mr.  Mallet's  elaborate 
and  highly  important  experiments  upon  the  fusion  and  subsequent 
contraction  of  slags,  the  author  remarked  upon  Mr.  Mallet's  estimate 
of  the  proliable  contraction  from  cooling  of  the  earth's  dimensions, 
showing  that  it  had  been  based  on  untenable  assumptions.  (The 
author  of  the  paper,  however,  holds  that  the  contraction  of  the 
dimensions  of  the  globe  has  been  greater  than  mere  cooling  will 
aooount  for.)  Upon  the  concluding  portions  of  Mr.  Mallet's  paper, 
in  which  he  eBtimates  that  the  amount  of  energy  afforded  by  the 
crushing  of  the  solid  oruBt  would  be  sufficient  to  account  for  ter- 
restrial vulcanicity,  some  strictures  were  made ;  but  it  was  held 
that,  if  the  main  proposition  had  not  been  proved,  these  calculations 
were  not  of  essential  importance. 

The  Meeting  was  made  special  for  the  election  of  a  Member  of 
Council  and  of  a  Vice-President  in  the  room  of  the  late  Sir  Charles 
Lyell,  Bart.  W.  Carruthers,  Esq.,  F.K.S.,  F.G.S.,  was  elected  a 
Member  of  Council,,  and  Sir  P.  de  M.  Grey-Egerton,  Bart.,  M.P., 
F.E.S.,  F.G.S.,  a  Vice-President  of  the  Society. 

COE.E.ESFOJ^DEia'CE. 

DENUDATION  OF  THE  WEALD. 
Sir, — I  regret  much  that  the  gallant  author  of  "  Rain  and  Rivers  " 
should  think  I  had  robbed  him  of  one  of  his  numerous  honours;  but 
at  the  same  time  I  cannot  feel  that  I  am  guilty.  Messrs.  Foster  and 
Topley  are  not  referred  to  as  the  authors  of  tlie  Subaeriol  Iheory  of 
the  Denudation  of  the  Weald  Valley,  but  as  the  authors  of  a  memoir 
containing  the  information  I  required.  Moreover,  it  would  ap- 
pear superfluous  to  mention  Col.  Greenwood's  nome,  as  the  few  read- 
ers I  may  have,  moat  be  fully  acquainted  with  "  liain  and  Rivers."  I 
appear  to  have  been  unfortunate  in  my  selection,  as  the  Denudation 
of  the  Weald  eeems  to  bo  an  apple  of  discord,  the  gallant  Colonel 
being  the  third  claimant  who  has  called  me  to  task  for  having 
mentioned  Messrs.  Foster's  and  Topley's  names. 
The  Author  of  "Valleys  ano  thkir  Kulatiohs  to  Faults,"  ktc' 

Wbxtoilii,  Jam  4M,  1 87S. 

'  LondoD,  1875,  Tiiibast  mi  Co.,  ftio,  5^.  240. 
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I. — On  **  Tasmanite  "  and  Austkalian  "  Whitk  Coal." 

By  E.  T.  Nbwton,  F.G.S., 
Aflsifltaxit  Naturalist,  H.M.  Geological  Sanrey. 
(PLATE  X.) 

THE  two  substances  known  as  ''Tasmanite'*  and  Australian 
"White  Coal,"  which  are  the  subject  of  the  present  communi- 
cation, have  a  special  interest  for  the  geologist  on  account  of  the 
light  which  they  throw  upon  the  microscopic  structure  and  com- 
position of  many  Coals.  My  attention  was  first  directed  to  them 
when  collecting  materials  for  Professor  Huxley's  examination  into 
the  microscopic  structure  of  Coal.  My  esteemed  colleague,  Mr. 
Etheridge,  at  that  time  gave  me  a  specimen  of  brown  laminated 
substance,  labelled  **  Lignite,  the  so-called  White  Coal,  Australia," 
and  drew  my  attention  to  the  fact  that  it  was  very  largely  composed 
of  small  seed-like  bodies,  very  similar  to,  although  smaller  than,  the 
macrospores^  of  Flemingites,  which  are  to  be  seen  in  mnny  kinds 
of  British  Coal.  A  specimen  of  this  same  kind  of  Wliite  Coal  is  in 
the  Museum  of  Practical  Geology,  and  is  labelled,  '*  Bituminous  Shale 
(locally  called  White  Coal),  New  South  Wales,  Australia."  I  have 
likewise  been  able  to  examine  the  specimen  of  Tasmanite  also  in  this 
Museum,  which  is  labelled  "  Tasmanite  ;  combustible  matter  from 
the  river  Mersey  on  the  north  side  of  Tasmania ;  stratum  of  unknown 
thickness,  but  known  to  extend  for  some  miles.  Presented  by  Sir 
Wm.  Denison,"  These  specimens  are  very  similar  in  appearance 
and  structure,  but  the  Wliite  Coal  is  softer  than  the  Tasmanite. 
Cliemical  analyses  of  Tasmanite  have  been  published,  but  I  am  not 
aware  of  any  satisfactory  account  of  its  microscopic  structure.  The 
only  mention  of  Australian  White  Coal  with  which  I  am  acquainted 
is  that  in  Prof.  Huxley's  lecture  on  '*0n  the  Formation  of  Coal" 
("CJon temporary  Review,"  Nov.  1870).  And  there  is  a  figure,  of  a 
section  and  some  separated  spores,  given  by  Sir  C  LyoU  in  the 
2nd  edition  of  his  Student's  Elements  of  Geology,  1874. 

The  general  appearance  of  the  combustible  schist,  which  is  now 
generally  known  as  Tasmanite,  is  thus  described  by  Mr.  J.  Milligan, 

*  The  bodies  existing  in  Coals  wliich  have  usually  been  termed  Sporangia  and 
Spores  ha?e  been  shown  by  Prof.  Williamson  to  be  Macrospores  and  Microspores.  I 
believe  both  Professor  Huxley  and  Mr.  Curruthers  arc  prepared  to  accept  this 
determination. 

DSCADE  II.  —  TOL,  U. — VO,  VIII.  *I^ 
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in  the  earlieet  account  of  tliU  BubBtance  whicli  I  bare  yet  i 
(Heport  c.f  the  Eoyal  Society  of  Van  Dieman's  Land,  1852,  p.  96) : 
"  There  is  on  the  riglit  bank  of  the  river  [Mersey,]  .... 
a  Beriea  of  be(Ia  of  a  browo  schiet,'  of  a  nature  highly  combastible: 
itH  Burfaoe  ia  usually  finely  punctated — it  is  semi-soft,  seotile,  fissile, 
flexible,  and  slightly  elastic,  and  when  held  to  a  candle  burna  with 
a  strong  yellowish- white  flame."  When  the  substance  thus  ilescrilied 
is  examined  wilh  a  pocket  lens  it  ia  seen  to  be  very  largely  composed 
of  minul*  iliscs  of  a  brownish  colour,  pving  to  the  Bchist  a  granular 
aapect;  this  is  probably  the  appearance  alluded  to  in  the  above 
extract  as  "finely  punctated." 

The  tifaemical  analyses  of  TasTnanito  made  by  Prot  Penny  (Pro- 
ceedings of  the  Eoyui  Society  of  Van  Dieraan's  Land,  vol.  iii.  1S5S, 
p.  10b)  and  by  Prof.  Church  (Philosophical  Magazine,  voL  iviii. 
1864,  p.  4(>5)  show  that  the  discs  are  composed  of  a  kind  of  resinous 
matenal,  and  that  they  are  imbedded  in  a  matrix  of  siliceous  sand 
tuid  clay. 

It  ia  perhaps  worthy  of  remark  that  Prof.  Penny  puts  the  rceinooa 
matter  at  26  24  per  cent.,  and  pyrirea  at  2'16  per  ocnt. ;  while  Prof. 
Church  aays  the  resinoua  matter  forms  30  to  40  per  cent,  of  the  schist, 
and  makes  no  mention  of  pyrites ;  be  slntes  however  that  the  resinous 
matter  ooDtains  &  very  large  proportion  of  sulphur  is  (^emiol 
oomhination. 

It  appears  from  tlie  observationa  of  these  two  authors  that  Hie 
so'Ciillpil  resiiiLius  puilioii  of  Tasninnite  is  not  really  resinous,  for  it 
is  insoluble  in  alcohol,  ether,  bisulphide  of  oarbon,  benzole,  tur- 
pentine, and  paraffin  oil.  Now  the  so-called  bituminous  portions  of 
coal  differ  from  resins  in  very  much  the  same  particulars;  and  when 
wc  find  also  that  Taamnnite  "  affords  a  notable  quantity  of  gas, 
which  ia  similar  in  quality  and  powere  to  that  obtained  from 
cannel  coal,"  although  less  in  quantity,  we  must,  I  think,  consider 
Tasmanite  and  Coal  to  be  allied  substances. 

The  large  proportion  of  sulphur,  which  Prof.  Church  has  shown  to 
be  in  chemical  combination  in  Tasmanite,  is  paralleled  in  the  case  of 
certain  coals  mentioned  by  Dr.  Percy  (Fuel,  1875),  as  being  remark- 
able for  the  same  peculiarity. 

By  the  kindness  of  Mr.  \V.  J.  Ward,  lam  enabled  to  give  the  follow- 
ing particulars  regarding  the  composition  of  Australian  "White  Coal": 

Combustible  Hateriali      .,      29-SS 

Ash     68-47 

Walcr        1-95 


After  treating  this  While  Coal,  in  a  finely  divided  condition,  with 
hydrochhiric  and  hydrofluoric  acids,  and  separating  a  small  propor- 
tion of  whitish  sand  by  decanting,  there  was  about  4361  per  cent  of 
residue,  chii'fly  composed  of  the  discs,  but  evidently  still  containing  a 
amall  {iroportion  of  sand  or  clay,  which  bad  not  been  disaolved  by 
the  acids. 

1  Allied  to  DyaodUe. 
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A  portion  of  the  discs  carefully  separated  by  siftiiig  and  again 

treated  with  hydrofluoric  acid  gave 

Combustible  material...     ...     96'63 

Ash  (bright  red)        3'37 

10000 

In  order  to  asoertain  the  tme  nature  of  the  discs,  in  either  Tasman- 
ite  or  White  Coal,  it  is  neoessaiy  to  prepare  thin  slices  of  the  schist  for 
iniczosoopio  examination,  and  also,  for  the  same  purpose,  to  separate 
the  discs  by  treatment  with  hydrochloric  or  nitric  acid. 

When  the  separated  discs  are  viewed  by  reflected  light,  they 
iqppear  as  more  or  less  circular  bodies,  somewhat  thickened  towards 
the  circumference,  many  of  them  haying  their  surfaces  raised  into 
irp^;ular  folds.  If  mounted  in  Canada  Balsam,  and  viewed  by 
transmitted  light,  many  have  the  appearanoa  represented  in  PI.  X. 
Figs.  2,  3,  8,  while  others  exhibit  the  folds  to  which  allusion  has  just 
been  made.  The  more  perfect  discs  are  seen  to  be  surrounded  by  a 
doable  ccmtour-line— the  optical  expression  of  the  fkot  that  these 
disoB  are  really  thick-walled  sacs,  llie  saccular  character,  however, 
is  best  seen  in  transverse  sections  (Figs.  I,  4,  5),  or  when  tiie  sac  is 
broken  (Fig.  8).  A  closer  examination  enables  one  to  see  that 
the  walls  of  these  sacs  are  not  homogeneous.  A  view  such  as  Fig.  8 
shows  numerous  dots  scattered  over  the  surface,  which  become  some- 
what elongated  towards  the  edges  of  the  disc.  When  examined  with 
a  power  of  about  250  diameters,  the  dots  can  be  resolved  into  minute 
circles  about  -^-^-^  of  an  inch  in  diameter  with  a  still  smaller  dot  in 
the  centre,  as  shown  in  Fig.  9.  These  structures  are  best  seen  in  the 
discs  of  White  Coal.  It  may  be  thought  that  these  dots  are  com- 
parable to  the  grauules  to  be  seen  upon  the  surface  of  some  of  the 
macrospores  of  Flemingites ;  but  the  study  of  transverse  sections 
ahows  at  once  that  these  dots  are  not  mere  surface-markings,  for  they 
can  be  distinctly  traced  as  minute  lines  (tubes  ?)  passing  from  the 
outer  to  the  inner  surface.  These  Hues  are  shown  in  Fig.  5,  but 
owing  to  the  section  not  being  quite  in  the  same  plane  as  the  lines, 
they  do  not  appear  to  extend  quite  through.  In  addition  to  the 
fine  lines,  the  walls  of  the  sacs  exhibit  obscure  longitudinal  markings, 
which  give  them  a  laminated  appearance  (Fig.  5). 

Neither  Mr.  Carruthers  (Geol.  Mag.  1865,  p.  432),  nor  Mr. 
MacNaughton  (Trans.  Key.  Soc.  Van  Dieman*s  Land,  vol.  ii.  1855, 
p.  116),  mentions  any  structure  in  the  walls  of  these  sacs. 

The  discs  vary  in  diameter,  as  stated  by  both  these  authors,  from 
about  -^  to  y'^  of  an  inch.  Mr.  MacNaughton  speaks  of  a  thin  outer 
coat  to  these  discs,  which  may  be  seen  when  they  are  raptured.  I 
have  examined  all  my  preparations,  both  sections  and  separated  (Uses. 
in  order  to  distinguish  this  outer  coat,  but  have  been  unable  to  do 
so.  One  easily  recognizes  in  transverse  sections,  such  as  Fig.  1,  that 
the  walls  of  the  sacs  vary  much  as  regards  thickness ;  and  among 
the  separated  sacs  which  are  mounted  in  Balsam  some  may  bo  seen 
muuh  moi*e  transparent  than  the  rest ;  but  I  have  failed  to  see  any 
real  diflerence  between  the  thicker  and  the  thinner  sacs,  or  to  ^lM'I 
them  in  anything  like  the  reiatfon  of  an  inner  and  out^x  co^\.. 
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Nearly  all  tlie  sacB  are  so  conipreaacit  tliiit  their  walla  are  brought 
into  contact ;  but  occasionnlly  one  may  be  fouud  siiuiltir  to  Fig.  'i. 
containing  a  quantity  of  black  materml  diSering  in  appearance  from 
tho  surrounding  matrix,  and  which  appears  to  consist  of  minute 
rounded  particles,  about  -^^g-  of  an  inch  in  diniueter. 

With  regard  to  the  affinities  of  the  discs,  or  rather  sacs,  it  must  be 
acknowledged  that  their  truo  nature  baa  yet  to  be  determined.  Their 
general  atrncture  seems  to  indicate  that  they  are  the  spores  or 
sporangia  of  some  Lycopodioceous  plant ;  but  their  true  aflinities 
must  remain  obscure  nntil  they  are  found  in  their  natural  rdation  to 
the  parent  plant,  or  some  recent  form  is  discovere^l  with  wfaicU  they 
(tan  be  compared.  By  the  kindly  help  of  Mr.  Carruthers,  I  have  been 
enabled  to  examine  the  fruetificatiou  of  several  nioent  forms,  but 
have  failed  to  hnd  anythlo);  comparable  in  structure  to  these  sacs. 
Prof.  Balfour,  I  believe,  considers  the  Tasnianite  discs  to  be  closely 
allied  to  FlemingiUt ;  they  differ  from  them,  however,  as  Mr. 
Carruthers  has  pointed  out  (Geoi.  Mao.  1865).  both  in  stmetureand 
size.  All  the  Tiemingitet  macroepores  which  I  hare  seen  have 
homogeneous  walls,  and  in  many  of  them  is  seen  the  trinuliate 
marking,  which  is  so  generally  present  in  cryptogamic  spores  (Prof. 
Williamson,  Maomillan'a  Mag.  March,  1874,  p.  409).  In  none  of  tho 
Tasmauite  aacs  have  I  been  able  to  see  this  triradiate  marking, 
although  their  straotnrea  are  bo  dearly  shown  that  these  uarkiogB 
could  not  fail  to  he  seen  if  they  were  present ;  and  the  wails,  as  we 
have  alre.idy  seen,  hnvo  a  di'finilo  stniRltire.  Tho  sjioranyia  ci 
LepidotlrobtiB  figitred  by  Dr.  Hooker  (Mem.  Geol.  Survey,  1848,  vel. 
ii.  part  )i.  pi.  (i,  figs.  4.  10,  and  pi.  7,  fig.  7)  have  somewhat  the  same 
appearance  as  the  transverse  sections  of  Tasmanite  sacs,  that  is  to 
say,  they  show  a  series  of  lines  perpendicular  to  the  surface.  A 
closer  examination,  however,  of  the  figure,  or,  still  better,  of  the 
original  specimens,  shows  that  the  two  structures  are  not  the  same. 
In  the  Lepidostrobue  sporangia  the  lines  are  really  the  walls  of  the 
cells  of  winch  the  sporangia  are  composed.  In  the  Tasmanite  sacs 
the  lines  have  quite  a  different  appearance,  and  a  surface  view  shows 
that  they  are  not  merely  the  lines  of  junction  between  cells. 

The  minute  black  bodies  mentioned  above  as  filling  the  cavities  of 
some  of  the  discs  are  very  much  smaller  than  any  of  the  microspores 
mentioned  by  Prof.  Williamson  (Macmillan's  Mag.  March,  1874,  p. 
408),  and  they  do  not  show  any  cell  wall. 

In  the  abstract  of  a  paper  by  Mr.  Thos.  S.  Ralph  (Trans.  Eoy. 
Soc,  Victoria,  vol.  vi.  1865,  p.  7),  the  discs  of  Tasmanit«  are  referred 
to  Algte.     This,  I  venture  to  think,  is  improbable. 

There  can  be  no  question  as  to  the  Tasmanite  sacs  being  vegetable 
organs,  although  at  present  we  do  not  know  the  plant  to  which  they 
bt-long.  Their  size  and  form  seem  to  indicate  that  they  are  more 
nearly  allied  to  Lycopodiaceous  macrospores  than  to  anything  else. 

The  inconvenience  of  having  an  object  without  a  distinctive  name 
induces  me  to  propose  one  for  the  sports  (?)  found  in  Tasmanite  and 
Australian  White  Coal  (the  two  being,  as  1  believe,  identical  in  struo- 
tare)  ;  and  in  order  to  retain  Qx.Vb\.ing  t\\.Vi^a  a&  far  as  possible,  I  would 
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suggest  that  Prof.  Church's  name  Tasmantte,  which  is  so  generally 
used  in  reference  to  the  schist  as  a  whole,  be  retained  for  this  substance, 
and  that  the  spores  (or  rather  the  plant  to  which  they  belong)  should 
be  called  TasmaniteSi  with  the  specific  title  of  punclatus,  in  allusion  to 
tbeir  surface-markings. 

The  piece  of  Tasmaniie  drawn  in  Figure  1  was  chosen  on  account 
of  its  exhibiting  portions  in  which  the  spores  are  unusually  far  apart, 
and  others  where  they  are  more  numerous  and  compressed.  It  is 
this  compressed  portion  which  so  closely  resembles  the  structures 
seen  in  many  coals,  and  which  Prof.  Huxley  believes  to  be  masses  of 
spores  and  sporangia  (Contemporary  Keview,  Nov*  1870).  Improb- 
able as  it  may  seem  to  seme  persons  that  the  combustible  portions  of 
a  bed  of  coal  several  feet  in  thickness  should  be  for  the  most  part 
composed  of  spores,  yet  such  is  undoubtedly  the  fact  in  the  case  of 
Tasmanite  and  Australian-  White  Coal.  In-  both  these  substances 
the  combustible  portion  consists  entirely  of  sacs  («por6«?),  no  other 
TegetaUe  matter  whatsoever  being  traceable. 

If  a  section  of  Better  Bed  Coal,  such  as  that  mentioned  by  Prof. 
Haxley,  be  compared  with  one  of  Tasmanite  or  Australian  White  Coal 
(see  Figures  1  and  10),  the  similarity  of  their  structures  will  be  at 
once  apparent.  The  chief  difference  between  them  being,  that  while 
in  the-two  last  there  are  only  large  spores  and  the  spaces  between  these 
are  filled  with  sandy  matters,  in  the  fwmer  the  interspaces  between 
the  larger  spores  are  filled  in  with  multitudes  of  minute  spores 
mixed  with  mineral  charcoal. 

With  regard  to  the  modio  of  occurrence  of  Tasmanite,  Mr.  Milligan, 
in  addition  to  the  extract  given  abo^'^  (p^g©  338),  says :  "  The  same 
brown  combustible  schist  [Tasmanite]  presents  itself  a  mile  higher 
lip  the  river,  and  on  the  same  side,  but  at  an  elevation  of  more 
than  100  feet  above  the  water,  and  then  it  appeared  to  dip  slightly 
into  a  high  and  rather  steep  lull,  etc. 

'*The  brown  combustible  schist  exhibits  at  the  elevation  last 
mentioned  a  thickness  of  six  to  seven  feet  in  one  distinct  seam, 
passing  upwards  into  laminated  clay  rock  of  a  yellowish  colour, 
interstratified  with  thin  layers  of  the  schist 

'*  Below  the  six-feet  seam  there  is,  for  a  space,  the  same  alternations 
as  above,  but  uninterrupted  beds  of  compact  yellowish  and  bluish 
white  clays  succeed,  etc. 

"  The  occurrence  of  thick  beds  of  fine  clay  and  clay  schists  without 
organic  remains  above  the  fossiliferous  masses  [rocks  previously 
mentioned  as  occuning  below  the  brown  schists  and  clays], 
denote  a  tranquil  condition  of  suj^erstant  waters,  compatible  only 
with  the  character  of  a  capacious  and  slieltered  bay,  or  deep  and 
extensive  lake ;  to  which  supposition  the  subsequent  deposit  of 
repeated  layers  of  a  higlily  combustible  schist  of  undoubted  vegetable 
origin  lends  great  probability. 

**  An  extended  and  close  examination  of  these  beds,  and  the 
formations  with  which  they  are  associated,  and  a  careful  comparison 
of   their  fossil  contents,  will    be  required  thoroughly  to  establ\&\i 
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tbeir  ages  iu  relation  to  eatHi  otiior,  and  to  geological  ohangea  imS 
epocLa  generally." 

The  changes  in  the  phyeical  condition  of  the  land  nfceasury  for 
deposition  of  several  allematiuns  of  beds  of  clays  aud  scliisU,  some 
of  whicb  are  of  considerable  Ihickiieas,  and  the  subaetjuent  elevntion 
of  the  whole  to  100  feet  above  the  level  of  the  river,  ihow  tliat 
those  Tasmanite  schists  cannot  be  of  very  recent  origin,  although  the 
distinct  and  unaltered  t^pearance  of  the  spores  might  have  led  one  to 
suppose  that  they  were.  Thu  alternations  of  layers  of  the  sobiat  with 
beds  of  laminated  olay  rook,  and  the  presence  of  masses  of  fossiliferoDs 
roclis  below  this  series,  are  extremely  suggestive,  on  aooount  of  their 
nsaemblance  to  tbe  succesBion  of  strata  in  the  Carboniferoos  Epoch : 
indeed,  it  seems  highly  probable,  from  Mr,  Milligan'a  observations, 
that  theso  beds  of  Tasmanite  were  deposited  uncler  conditions  very 
similai'  to  those  under  which  Coal  ia  now  generally  considered  to 
have  been  deposited. 

I  have  at  present  been  unable  to  ascertain  under  what  conditions 
the  Australian  White  Coal  occurs ;  its  great  resemblance  to  Taanianite 
renders  it  highly  probable  that  it  oocura  uudur  very  similar  oondiUons. 
The  foregoing  uonsidcratiou  regarding  the  com  posit  ion,  microscopic 
Btruoture,  and  mode  of  occurrence  of  Tasmaoite,  must,  I  tliink,  lead 
to  the  oonolusion,  that  this  deposit  is  a  bod  of  coal  in  process  of 
formation ;  very  inferior  coal  no  doubt,  on  account  of  the  large 
aihniituro  of  sand  and  clay,  but  nevertheless  of  such  a  character  tbal 
it  would  be  considered  a  true  coal.  The  study  of  Tasmanite  will, 
I  tliink,  enable  us  better  to  understand  the  appearances  presented  by 
certain  coals  :  and  certainly  not  the  least  irai>ortaiit  fact  to  be  noticed 
is,  that  the  combustible  portion  of  tliie  deposit,  which  is  closely 
allied  to  coal,  several  feet  in  thickness  aud  miles  in  extent,  is  formed 
entirely  of  spores. 

EXPLANATION  OF  PLATE  S. 

Fio.  1. — Section  of  Tumanite,  cut  perpendicular  to  the  plins  of  bedding,  x   50 

diameten.     In  the  upper  twa-lliirds  of  the  figure  the  sporei  are  further  apart 

than  is  usually  the  case  ;  in  tlio  Icivrcr  third  they  are  very  numerous  and  more 

comprosaed. 

Fio.  2. — A  large  spora  uf  Temanilti  jmnclalm  which  has   been  mptured,  x   SO 

diametem;  stiewing  the  double  contour  and  dotliHl  surface. 
FiQ.  3 — AsimiUrbutamallcr  spore,  with  air  in  the  interior;    x  60  diameterl. 
Fib.  4.— Transverse  section  of  a  Bporc,  the  walls  of  which  have  been  preeaed  to- 
gether from  the  same  section  as  Fig.  I ;    x  60  dianietcra. 
Fic.  5.— Portion  of  Fig,  4,  >;  250  diameters,  to  show  the  perpendicaUr  linn  and 

laminated  structure. 
FiO.  6.— Spore  tilled  with  black  mnterinl  x  50  diameters. 
Fio.  7.  — Portion  of  limitar  spore  x   2o0  diameters,  shows  three  of  the  minute 

rounded  bodies  separated  from  the  mass. 
Fia.  B.— Spore  of  T.  punctatut,  from  the  Australian  White  Coal,  x  SO  diameten. 
Flo.  9. — Portion  of  Fig.  8,  x  230  diameters,  to  show  the  dots  and  eitremely  fine 

grnnulalion  of  the  int«rmediutc  portions  of  the  surface. 
F:o.  10. — Section  of  BettvrBcdCoal,  cut  perpendicular  to  the  bedding,  x  3S  diameters. 
The  large  sac-liLe  bodies  aie  macrospores  [FUiningitH) ;  the  intermediate 
granular-lookme  portion  is  composed  of  mierosporea  and  a  black  material, 
prubahly  minerd  charcoal. 
F[c:.  11. — Section  ofaame  coal  cut  in  the  plane  of  the  bedding,  x  ISO  diameters. 
Small  portion  of  iQteniie<Uat«  part,  with  microsporea. 
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II.--On  thk  Guklph  Limsstonbs  of  North  Amkbioa  akd  thkik 

Oboanio  Eemains.^ 

By  H.  Allstnb  Nicholson,  M.D.,  D.Sc.,  F.R.SE., 
Ptofenor  of  Xatoral  History  in  the  UniTenity  of  St.  Andrews. 

AMONGST  the  parallelisms  which  may  be  drawn  between  the 
Silurian  series  of  Britain  and  that  of  North  America,  none  so 
far  has  been  so  certainly  established  as  the  equivalency  of  the 
"  Niagara  Formation  "  to  the  Wenlock  Group.  In  its  most  typical 
development,  as  in  the  State  of  New  York,  the  Niagara  formation 
consists  of  an  inferior  series  of  argillaceous  sediments,  the  '*  Niagara 
Shales,"  and  of  a  superior  series  of  calcareous  accumulations,  the 
"Niagara  Limestone."  At  the  Falls  of  Niagara  itself,  and  at  the 
Falls  of  the  Grenesee  at  Eochester,  the  shales  and  limestones  are 
about  eighty  feet  in  thickness  each.  In  Pennsylvania,  the  Niagara 
formation  is  wholly  shaly,  and  has  a  thickness  of  over  fifteen  hun- 
dred feet.  In  the  States  west  of  New  York,  again,  the  formation  is 
almost  wholly  calcareous,  many  of  its  members  being  true  dolomites, 
and  its  total  thickness  rarely  reaches  three  hundred  feet,  and  is 
asaally  much  less.  In  Western  Canada,  finally,  the  Niagara  shales 
can  rarely  be  detected  as  a  distinct  group,  and  the  formation  consists 
mainly  of  limestones,  often  magnesian,  with  subordinate  courses  of 
shale,  the  whole  usually  varying  from  one  hundred  to  two  hundred 
feet  in  thickness. 

Whilst  the  above  are  the  general  characters  of  the  Niagara  forma- 
tion as  developed  in  North  America,  I  purpose  in  the  present  com- 
munication to  discuss  in  greater  detail  a  group  of  beds,  which  forms 
the  uppermost  member  of  the  series  in  its  most  complete  develop- 
ment, and  which  exhibits  various  points  of  special  interest.  The 
beds  in  question  have  the  lithological  character  of  magnesian  lime- 
stone or  dolomite ;  and,  though  not  universally  present,  they  are  so 
constant  in  their  position,  and  so  sharply  marked  out  by  their 
organic  remains,  that  they  have  been  raised  by  the  Canadian 
geologists  to  the  rank  of  a  distinct  group,  under  the  name  of  the 
"  Guelph  Formation,"  from  the  town  of  Guelph,  where  they  are 
found  in  full  force.  This  name  has  not  been  universally  adopted  ; 
but  it  is  convenient  to  use  it,  provided  it  be  recollected  that  the 
deposits  in  question  are  in  reality  only  a  portion  of  the  great  Niagara 
Formation,  of  which  they  form  the  uppermost  member.  There  are, 
however,  strong  grounds  for  believing,  with  Sir  William  Logan  and 
Prof.  Hall,  that  the  Guelph  Limestones,  though  found  at  points  very 
widely  remote  from  one  another,  do  not  form  a  continuous  series, 
but  that  they  are  more  or  less  of  the  nature  of  separate  lenticular 
masses  of  unequal  extent  and  thickness,  which  have  been  deposited 
on  an  uneven  ocean  bed  towards  the  close  of  the  Niagara  period. 

The  typical  development  of  the  Guelph  Limestones  is  found  in 
Western  Ontario,  where  they  were  first  noticed  and  described 
(Murray,  Geol,  Survey  of  Canada,  Report  of  Progress,  1848  and 
1849 ;    Hall,  Pal.  N,  Y.  vol.  ii.  p.  340 ;    Logan,  Geology  of  Canada^ 

1  Bead  before  the  Royal  Physical  Society,  Edinburgh,  Feb.  I7th,  1876. 
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lfiG3).  Here  they  occupy  a  band  of  oountry  whiob  may  be  roogWy 
(leecribed  as  extending  from  near  the  weslern  pxtremity  of  Lake 
Ontario  to  Ijaka  Huron,  and  they  attain  Iheir  inatimiim  thictnesa  in 
Ihe  towiiBhipa  of  Dumfries,  Waterloo,  Puelinoh,  Gudph,  Pilkiogtoa, 
and  Nidiol.  They  are  estiinnted  t'U  posseas  a  totnl  thickneea  of  about 
one  hundred  and  sixty  feet,  and  they  conBiet  entirely  of  ma^esian 
limestoneB,  -whicli  are  usually  of  a  buif,  white,  or  yellow  colour. 
The  Bubjnoent  strata,  whicli  ooustitute  the  mnss  of  the  Niagnra 
Formation,  though  pften  oonsiBtitig  in  part  of  beds  of  magnesian 
limealone,  have  a  prevailing  black,  blue,  or  grey  colour,  and  the 
Gnelph  dolomites  are  readily  rewgniKod  by  this  alone.  The  testure 
of  the  rock  is  often  highly  orystnlline,  but  it  is  commonly  very 
{K>rous  or  almost  vesicular,  owing  partly  to  the  existence  of  drusy 
cavities  and  pailly  to  the  nnmeroue  vacant  spaces  left  by  the 
weathering  out  of  organic  remains.  The  ex]>oeures  of  the  Quelph 
Limestones  which  are  best  known  are  those  found  at  Quelph,  Gait, 
Hespeler,  Elora,  and  Fergus,  and  in  all  tlioao  localities  the  rocks  are 
charged  with  an  abundftnoe  of  fossils.  Good  specimens,  however, 
are  very  difBciilt  to  procnre,  and  the  great  majority  of  examples  nre 
simply  in  the  condition  of  casts.  Some  beds  of  the  formation  yield 
a  massive  and  valuable  building  stone ;  and  others  are  Imiiit  for 
lime,  though  in  this  latter  respect  there  Bp|>ears  to  be  a  prevailing 
preference  for  the  cherly  and  siliceous  limestones  of  the  Corniferaus 
series. 

In  the  State  of  Ohio  all  the  I-imestones  of  the  Niagara  formation, 
with  the  exception  of  the  celebrated  "  Dayion  Stone,"  are  raagnesian, 
and  the  Guelph  Limestones  are  consequently  not  distinctly  marked 
off  from  the  lower  beds  by  any  lithological  peculiarity.  The  summit 
of  the  Niagara  aeries  in  Ohio  is,  however,  formed  by  a  group  of  dolo- 
mites, which  can  be  unhesitatingly  identified  with  the  Guelph  forma- 
tion of  Canada,  not  only  by  ihe  precise  similarity  in  mineral  charac- 
ters, but  also  by  the  identity  of  organic  remains.  The  Ohio  geologists 
usually  term  these  dolomites  the  "Cedarville  Limestones,"  or  the 
"Pcntamerua  Limestone."  Tlie  latter  name  is  derived  from  the 
great  abundance  in  these  beds  of  Fenlameriie  ohlongiu.  Sow.,  a 
Brachiopod  which  is  characteristic  in  Canada  of  the  base  instead 
of  the  summit  of  the  Niagara  series.  The  former  name  ia  de- 
rived from  the  great  development  of  the  series  at  the  town  of 
Cedarville,  in  South-western  Ohio,  where  it  is  largely  quarried,  and 
where  I  had  the  opportunity  of  examining  it  last  spring  under  the 
guidance  of  my  friend  Prof.  Edward  Orton,  of  the  Ohio  Geological 
Survey.  As  seen  at  Cedarville,  and  a  few  miles  to  the  north  at  the 
village  of  Clifton,  the  Guelph  formation  consists  wholly  of  beds  of 
massive  mngncsian  limestone,  usually  destitute  of  distinct  lines  of 
stratification  iu  its  lower  portion,  hi  appearance  the  rock  presents 
the  most  striking  similarily  lo  the  magncsian  limestone  of  the  same 
age  in  Canada,  being  of  a  yellowish  or  greyish-white  colour,  crystal- 
line, rough  to  the  touch,  and  rendered  more  or  less  vesicular  by  the 
pi-OBcnce  of  numerous  cavities  Fossils  are  abundant,  but  are  almost 
iv-hol]_y  in  Ihe  condition  of  casta  ;  whilst  it  is  a  matter  of  the  greatest 
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difficnlty  to  obtain  specimens,  that  can  be  carried  with  comfort  or 
oonvenience.  Chemically  the  Gedarville  Limestone  is  an  almost 
typical  dolomite,  containing  about  43  per  cent  of  carbonate  of  mag- 
nesia. In  spite  of  this  fact,  it  is  reputed  the  best  limestone  in  the 
whole  State  of  Ohio  for  lime-burning,  its  lime  not  being  "fiery," 
and  taking  much  longer  to  "  set,"  than  is  the  case  with  lime  made 
from  ordinary  limestone.  The  thickness  of  the  Guelph  Limestones 
in  different  parts  of  Ohio  is  estimated  as  varying  between  20  and 
90  feet.  {Geological  Survey  of  Ohio,  Beport  of  Progress  in  1870, 
p.  278.) 

Another  development  of  the  Guelph  Limestones  is  known  at  the 
Leclaire  Rapids  on  the  Mississippi  Hiver,  in  the  State  of  Iowa,  where 
they  were  first  recognized  by  Prof.  Hall,  and  paralleled  with  the 
Canadian  series.  (Geology  of  lotra,  vol.  i.  p.  73.)  The  beds  consist 
here  of  grey  or  whitish-grey  magnesian  limestones,  of  a  semi-crys- 
talline texture,  and  usually  vesicular  from  the  solution  of  fossils.  No 
lines  of  true  bedding  are  visible,  and  consequently  the  thickness  of 
the  series  in  this  locality  is  unknown.  Fossils  are  abundant,  but 
wholly  in  the  condition  of  casts.  A  yellowish-grey  concretionary 
and  ftdse-bedded  limestone  identical  with  the  above  has  been  recog- 
nized at  Port  Byron,  in  the  State  of  Illinois,  where  it  has  a  thickness 
of  about  50  feet.  Limestones  of  the  same  age  are  likewise  found  in 
the  vicinity  of  Chicago,  also  in  Illinois,  where  it  has  the  same  geneml 
characters,  except  that  it  is  highly  charged  with  petroleum.  ( Geolo- 
gical Survey  of  Illinois,  vol.  i.  p.  130  et  seq.)  Finally,  limestones  in 
all  respects  identical  with  the  preceding,  and  holding  many  of  the 
same  fossils,  have  been  recognized  and  described  by  Prof.  Hall  as 
occurring  at  Kacine,  in  the  State  of  Wisconsin.  {Geology  of  Wis- 
consin, 1861.) 

Organic  Eemains. 

The  organic  remains  of  the  Guelph  Limestones  are  very  nnmei*ous, 
comparatively  speaking,  and  are  many  of  them  peculiar;  but  they 
are  badly  preserved,  and  only  certain  groups  have  been  as  yet 
worked  out  with  any  approach  to  fullness.  The  most  highly 
characteristic  fossils  of  the  formation  belong  to  the  groups  of  the 
Jirachiopoda,  Lamellihrancliiaia,  and  Gasteropoda ;  but  it  will  be  as 
well  to  review  briefly  the  more  important  forms  which  are  known  to 
occur  in  these  deposits,  without  attempting  to  give  anything  like  an 
exhaustive  list. 

The  only  recorded  species  of  Protozoa  from  the  Guelph  Formation 
are  two  species  of  Stromatopora.  One  of  these  is  the  rare  and 
interesting  S.  ostiolata,  Nich. ;  the  other  is  probably  S.  concentrica, 
Gold  fuss ;  but  its  state  of  preservation  is  such  as  to  forbid  a  positive 
specific  determination.  It  is,  however,  an  exceedingly  common  and 
characteristic  fossil  in  the  Guelph  Limestones  of  Canada,  whole  beds 
appearing  to  be  composed  of  very  little  else.  In  Ohio,  I  have  not 
noticed  its  occurrence  at  all.  The  only  other  fossil  which  could  be 
referred  to  the  Protozoa,  is  a  minute  spherical  body,  of  a  calcareous 
nature,  which  occurs  in  myriads  in  some  portions  of  the  Gvv^V^Vv. 
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Dulotuites  both  in  Canadn  and  Ohio.  Moet  usually  the  actnal  I 
itaelf  has  disappeared,  sDii  there  is  nothing  left  but  the  little  cavily 
where  it  was  eiuiated;  but  in  other  cases  the  substance  of  the  foBsil 
has  been  preaerved.  Pendiof;  a  mioroBcopic  oxamiuation  of  those 
prohlematioal  little  bodies,  nothing  can  be  said  of  tliem  beyond  th&t 
they  are  vei^  probably  of  the  nature  of  calcareoUB  sponges,  and 
possibly  belong  to  Astyloapongia. 

The  corals  of  the  Guelph  Formation  are  neither  very  abundant  nor 
very  widely  distribnted.  In  Canada,  the  most  eharactaristio  corals 
are  Favosiles  jioli/morpha,  Goldf.,  Farosilet  (Jglrocerimn)  tiraii»ta. 
Ball,  and  F.  hemitpherieit,  Vandell  and  Shumard,  along  with  a 
species  of  Amjiexiu  (apparently  A.  YandelU,  Edw.  and  Haimo),  and 
a  fasciculate  form  whiob  seems  to  be  iutenuediato  in  itfi  characters 
between  Amplexiu  and  Diph^phyllum.  At  Cedarvillo,  in  Ohio.  I 
dcteated  Favositea  Gothlandica,  Lam.,  an  undetermined  species  of 
Syi-iiiijopora,  e,  large  Ckonoplii/llum  allied  to  C.  perfotialum,  Goldf., 
and  numerous  specimens  of  an  ilbpreserved  species  of  Cladvpora. 
resembling  G.  reticulata,  Hall.  Hali/titea  catetiularia,  Linn.,  is  also 
not  of  uncommon  occurrence,  and  there  are  other  forms  which  haTe 
not  been  satisiactorily  determined. 

The  remains  of  C'rinoidea  ara  rare  or  nnknown  in  the  Guelph 
Formation  of  Canada ;  but  very  numerous  and  siugulaj:  r<»ms 
belonging  to  this  group  and  to  the  nearly  allied  group  of  ihe 
Cgttoidea  have  been  found  in  the  corresponding  depoeite  in  Ohio, 
Wisconsin.  Illinois,  and  lown.  At.umgst  the  Crinoids,  the  more 
important  forms  belong  to  tho  genera  Eucalyplocriaus,  Cyulhocrinus. 
Actiiiorrinue,  Melocriiius,  Ichthyocriiitui,  likodocriaiu,  and  GtyptiiKter. 
Amongst  tjie  Cystideans,  we  have  not  only  such  well-known  Bi)ecies 
as  Cargoerinut  omatua.  Hall,  but  we  find  forms  belonging  to  the 
remarkable  genera  Oomphocyatilet,  Sblocyttttet,  Fekinoeysttlei,  and 
Crinoeijatitfa,  together  with  species  of  Apiocysfilet  and  Semicotmitee. 

The  Polyzoa  of  the  Guelph  Formation  have  not  as  yet  been 
worked  out,  so  far  as  I  am  aware.  In  Canada,  I  have  never 
succeeded  in  detecting  any  eiamplea  of  this  class  in  the  Guelph 
dolomites ;  I  found  them,  however,  to  be  very  abundant,  though 
badly  preserved,  at  Cedan-ille  and  Clifton  iu  Ohio.  The  most 
abundant  are  FenesteU<e,  belonging  to  at  least  three  species.  Very 
abundant,  also,  is  a  species  apparently  referable  to  Hall's  genus 
Lichenalia  (=  Cyelopora.  Front?).  A  very  similar  form  is  found  in 
the  underlying  Clinton  Formation  at  Yellowsp rings,  a  few  miles  to 
the  north  of  Cedarville,  and  it  constitutes  one  of  the  commonest  and 
most  characteristic  fossils  of  the  formation.  The  species  is  clearly 
distinct  from  Lichenalia  coneentriea,  Hall,  which  occurs  in  the 
Niagara  group  proper,  and  seems  more  closeiy  to  resemble  the 
Cyelopora  po/ymorpha,  Prout,  of  the  Sub- Carboniferous  series;  but 
further  examinatioo  will  probably  show  it  to  be  new.  liaatly,  there 
occurs  a  species  of  Ptilodiclya,  also  ap])arently  new. 

The  Brachiopoda  of  the  Guelph  Formation  are  individually  very 
numerous,  tind  are  highly  charaoteristio.  Foremost  amongst  them 
come  tlie  Trimerellids,  whioh  the  researches  of  Billings,  DiJI,  Lind- 
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Strom,  Hall,  Davidson,  and  King  have  made  palaeontologists  so 
ihorooghly  acquainted  with.  The  most  abundant  members  of  this 
£miily  are  Trimereila  grandis^  Billings,  7*.  acmwunata,  Billings,  Mono- 
mereUa  prisca,  Billings,  and  DimoMus  OiUiensU,  Billings.  In  Ohio, 
the  most  abundant  species  is  Trimerdla  Ohioensis^  Meek,  which, 
though  very  local  in  its  distribution,  is  in  places  common  enough. 
After  the  IVimerellids,  the  most  characteristic  and  abundant  form  is 
the  great  Pentamerus  oceideutalU,  Hall,  which  is  found  both  in 
Canada  and  the  United  States.  In  Ohio,  however,  the  formation  is 
so  richly  charged  with  Pemiamerus  obUmgms,  Sow.,  that  it  is  often 
termed  on  this  account  the  "  Pentamerus  Limestone ;"  whereas  this 
well-known  shell  is  in  Canada,  curiously  enough,  almost  confined  to 
a  thin  bed  at  the  base  of  the  Niagara  Limestone.  So  strictly  is  this 
the  case,  that  the  bed  in  question,  under  the  name  of  *'  the  Penta- 
merus band,"  has  usually  been  employed  by  the  Canadian  geologists 
to  separate  the  Niagara  Formation  fix)m  the  underlying  Clinton 
Formation.  Another  not  uncommon  form  is  Pentamerva  (Penta- 
mereUa)  cefUncosus,  Hall ;  whilst  other  forms  have  been  recorded 
belonging  to  Spirifera,  CkarioneUa,  Strophomeiui,  etc. 

The  LameUibranchtata  of  the  Guelph  formation,  so  far  as  Canada 
is  concerned,  appear  to  be  wholly  referable  to  the  remarkable  genus 
Megalomus.  Casts  of  the  interior  of  the  large  and  massive  Megalomus 
Canadensis,  Hall,  are  found  in  almost  all  the  localities  where  the 
Guelph  Limestones  have  been  detected,  though  nowhere  so  abun- 
dantly as  in  Western  Ontario.  In  some  places,  as  in  the  cliffs  of  the 
Grand  Hiver  below  Elora,  whole  beds  appear  to  be  made  up  of 
this  bivalve;  but  it  is  difficult  to  obtain  specimens  in  which  the 
actual  shell  is  preserved.  Another  smaller  species  of  the  genus  was 
described  by  Mr.  George  J.  Hinde  and  myself  from  the  Guelph  for- 
mation of  Hespeler,  under  the  name  of  Megalomus  compressus  (Cana- 
dian Journal,  vol.  xiv.  p.  143,  fig.  6).  In  the  Guelph  Limestones  of 
Wisconsin,  in  addition  to  Megalomus  Canadensis,  Prof.  Hall  has 
described  species  of  LamelUhranchiata  belonging  to  the  genera  Am- 
banychia,  Pterinea,  Avicula,  Cypricardinia,  Modiolopsis,  Amphiccelia, 
Cypricardites,  and  Palceocardia. 

Perhaps  the  most  abundant  and  characteristic  fossils  in  the  Guelph 
formation — at  any  rate  in  Canada — are,  however,  the  Gasteropoda. 
The  three  genera  which  are  most  largely  represented  are  3furchisoniaf 
Pleurotomariaf  and  Molopea,  and  of  the  first-named  of  these  the 
variety  of  species  is  something  quite  extraordinary.  Speaking 
generally,  the  following  may  be  cited  as  being  the  most  abundant 
and  characteristic  forms  of  the  Gasteropoda  in  the  Guelph  formation  : 
— Murchisonia  macrospira,  Hall ;  M.  Logani,  Hall ;  M  turriti/ormis, 
Hall;  M.  Vitellia,  Billings;  M.  hivittaia.  Hall;  MAongispira,  Hall; 
Jf.  Estella,  Billings ;  M.  Hercyna,  Billings ;  M.  Laphami,  Hall ; 
Cyclonema  (?)  elevala,  Hall ;  C.  sulcata.  Hall ;  Pleurotomaria  solari- 
oides,  Hall ;  P.  Elora,  Billings ;  P,  Galtensis,  Billings ;  Holopea 
Harmonia,  Billings ;  U.  Gracia,  Billings ;  H,  Guelphensis,  Billings ; 
Trochonema  fatua,  Hall ;  Subulites  ventricosa,  Hall ;  Bucania  angus- 
tata.   Hall ;  IStrapacollus  Daphne,   Billings ;   and  S.  Mop^xjA^  \is^. 
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Prof.  Kail  htiM  likewise  deecribeil  from  tlie  Giielpli  formatioQ  of 
Wisconsin  Bucli  well-kiiown  Niagara  Gastevopodn  ae  Platyeenu  Nia- 
garenaiK,  Hall,  and  Ptali/oiloma  Niagarentii,  IIoll.  At  CwlttrviUe, 
GD  far  as  my  observation  went,  the  Giielpli  Limestones  (tre  destitute 
of  Gnstoropods ;  b<it  they  ocous  elsewhere  io  the  State  of  Ohio  in 
this  deposit  in  considerable  naiubei^ 

As  regards  the  Cephalopoda,  tbo  Giielph  Formation  bas  proved  ia 
Canada  to  be  very  barren ;  but  in  the  United  States  the  same  forina- 
tion  has  yielded  spooiee  belonging  to  the  genera  NaalilM,  Liluitf*, 
OrlhoceraSi  Cyrloe^rai,  Qomphocerat,  PhragmoeeraB,a.Dd  Trockoeerai. 

Finally,  the  Gite]ph  Formsticn  of  Oanada  is  alinoBt  destitute  of 
the  remains  of  Crustaceans.  In  Wisconsin,  oa  the  otbor  hand, 
Crnstaoeans  are  not  at  all  uncommon.  Amonjrst  these  are  such 
familiar  forms  as  Calgniene  Mameabachii,  var.  Niagarentit ;  Ill^iitu 
Jiarriensia,  Murub.;  Ceraunta  inaigaia,  Beyrioli:  aaH  Spharexoehut 
mtVus,  Beyi'ich.  Besides  these,  there  oconr  new  and  peculiar  forms 
belonging  to  the  genera  Illfenaa,  Bronlem,  Dalmannia,  Acida*pit, 
Leperditia,  et£. 

From  the  above  brief  review  it  will  bo  seen  tbat  the  fauna  of  the 
Guejph  Formation  is  to  a  large  extent  a  peculiar  one,  many  of  the 
known  speoiea  being  restricted  to  this  particular,  horizon.  The  most 
obaracteristic  features  in  the  Gnelph  Fauna  are  afforded  by  tbe  pre- 
dominance of  TrimereUidie  and  Pentameri  amongst  ibo  Sraekiopoda, 
tbe  great  abundance  and  variety  of  tbe  Oatieropoda,  and  the  preva- 
lence of  Ibo  remarliftlile  Limcllibriinchiate  gmiiB  Mcgahywm.  Tiiese 
features  are  bo  general,  tliat,  taken  along  with  tire  peculiar  litbo- 
logical  characters  of  the  rock,  they  justify  us  in  regarding  tbe 
Ouelpb  dolomiles  as  constituting  a  distinct  series  of  deposits.  At 
the  same  time,  it  is  to  be  recollected  tlifit  these  deposits  are  clearly 
only  a  suboi-dinate  stage  in  the  great  Niagara  Formation,  of  whicU 
they  form  an  integral  poi-tion. 

III. — CbNTRIBUTIONS   TO  THE    StIIDY   OF  VOLCANOB.' 

lij  J.  W.  JuDD,  F.O.S. 

Thk  Great  CBATBR-LAKKa  of  Central  Italy. 

IN  no  part  of  Europe,  probably,  can  wc  find  such  striking  examples 
of  the  effects  which  may  be  produced  by  single  paroxysmal  out- 
bursts of  volcanic  force,  as  in  the  band  of  igneous  rocka  which  stretches 
through  nearly  the  whole  length  of  the  Italian  peninsula,  on  tbe 
western  side  of,  and  parallel  to  the  chain  of  the  Apennines.  Etna 
and  many  of  tlie  extinct  volcanos  of  this  continent  constitute,  it  is 
true,  mountains  of  vaster  bulk  than  any  in  the  district  to  which  we 
liave  referred  ;  but  while  the  former  were  evidently  built  up  by  the 
accumulation  of  the  products  of  igneous  forces  operating  during  long 
jieriods  from  the  same  centres,  and  with  comparatively  moderate 
violence,  llie  enormous  craters  of  tbo  latter  bear  witness  to  the  occur- 
rence of  single  outbursts  of  these  forces  of  far  greater  intensity. 
'J'hc  materials  which  have  been  ejected  from  the  various  centres  of 
^  '  Concluded  from  page  308. 
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activity  along  this  great  Tolcanic  band  present  many  featnres  in 
common ;  especially  in  the  abundance  of  leucite  and  the  groop  of 
minerals  allied  to  it ;  there  are  also  not  a  few  points  of  peculiar 
interest  in  connexion  with  these  rocks  which  have  been  very  admirably 
treated  by  Professor  vom  Rath  in  his  "  Gkognostiche-mineralogische 
Fragmente  aus  Italien."  Without,  however,  staying  to  dwell  upon 
these  subjects,  we  shall  proceed  to  notice  the  proofs  which  exist  of 
the  occurrence  of  those  volcanic  outbursts  of  extraordinary  violence 
or  duration  to  which  we  have  referred,  and  which  have  resulted  in 
the  production  of  some  of  the  most  marked  and  striking  of  the 
physical  features  of  the  district. 

The  frequency  of  the  occurrence  of  lakes  in  volcanic  districts  is  a 
circumstance  that  is  familiar  to  all  geologists.  Sometimes,  as  in  the 
case  of  the  Lac  de  Chambon  in  the  Mont  Dore,  the  throwing  up  of 
a  series  of  volcanic  cones  in  the  midst  of  a  valley  has  arrested  the 
drainage,  and  given  rise  to  the  formation  of  a  lake ;  in  other  cases, 
precisely  similar  effects  have  resulted  from  the  influx  of  a  great 
current  of  lava  across  a  line  of  drainage,  lliere  are  not  wanting 
proofs,  also,  that  these  local  subterranean  movements  to  which 
volcanic  districts  are  especially  subject  have  frequently  so  altered  the 
levels  along  a  line  of  river- valley  as  to  lead  to  the  damming  up  of  the 
stream,  and  to  the  consequent  production  of  lakes.  In  all  these  cases 
the  lakes  have  been  foruied  by  the  joint  action  of  aqueous  and  igneous 
forces.  But  there  are  also  many  examples  of  lakes  the  basins  of 
which  qjearly  owe  their  origin  to  the  action  of  igneous  causes  alone. 
Such  are  the  well-known  Mmire  of  the  Eifel,  and  those  numerous 
depressions  common  in  almost  all  volcanic  districts,  which  are 
evidently  old  craters  that  have  become  filled  with  water. 

But  lying  to  the  northward  of  Rome  we  find  two  lakes  of  such 
vast  proportions — the  Lago  di  Bracciano  being  6|  miles  in  diameter, 
and  the  Lago  di  Bolsena  10  miles — that  we  may  at  the  first  sight  of 
them  be  fairly  led  to  hesitate  in  referring  their  formation  to  the 
ordinary  explosive  action  of  volcanos.  Dr.  Daubeny,  indeed,  appears 
to  have  been  so  staggered  by  their  enormous  size,  that  he  found  it 
impossible  to  accept  their  volcanic  origin.  In  the  present  chapter  we 
purpose  to  notice  those  features  presented  by  them  which  appear  to 
place  their  mode  of  formation  beyond  question. 

In  seeking  to  illustrate  the  characters  and  to  account  for  the  pro- 
duction of  these  vast  craters,  it  will  be  well  to  refer,  in  the  first 
instance,  to  examples  of  a  precisely  similar  kind,  though  on  a 
somewhat  smaller  scale,  the  mode  of  origin  of  which  it  is  not 
possible  to  doubt.  Vesuvius  presents  us  with  a  great  encircling 
crater,  that  of  Somraa,  which  has  a  diameter  of  two  miles  and  a  half, 
and  which  was  produced  during  the  grand  paroxysmal  outburst  of 
A.D.  79.  There  seems  to  be  now  no  room  for  doubt  that  at  the  period 
of  this  grand  eruption,  concerning  which  we  possess  such  interesting 
historical  details,  the  original  cone  of  Somma  was  completely  gutted, 
and  that  vast  cavity  formed  in  the  midst  of  which  the  existing  cone 
of  Vesuvius  was  subsequently  built  up.  Here,  then,  we  have  an 
illustration  of  the  effects  which  may  be  prqduced  b^  8^  «v\i^^  «t>x^NjtfS^ 
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I  >of  ft  Toloano,  and  may  fairly  cmploj  it  for  comparisDii  with  otben, 
ft    tWDceming  the  formation  of  which  we  hnve  neither  liistorical  reoords 
r   iior  tratlitioiia  to  aid  ua.  and  which  may  possibly  indeed  have  origin- 
ated prior  to  the  appearance  of  the  human  race  upon  the  earth. 

Such  an  example  we  have  in  the  great  volcano  of  Bocca  Monfina, 
whioh  presents  so  many  points  of  analogy  with  Vesuvius  that  the 
geologist  wiU  have  no  difBculty  in  recognizing  the  mode  of  origin  of 
I  the  principal  features  of  the  former,  tliough  it  faas  long  heeu  eitinet, 
■  WDd  its  rocks  have  suffered  greatly  from  (he  action  of  denuding  forces. 
I  The  mouutnin  group  of  Kooca  Monfioa  exhibits  a  crater-ring  of 
\  about  three  miles  in  internal  diameter,  that  is  to  say,  it  is  somewhat 
greater  than  the  similar  orator-ring  of  Somma,  which  surrounds  the 
modern  cone  of  Veaiiviua.  The  materials  which  compose  these  older 
encircling  craters  of  Somma  and  liocca  Monfina  are  almost  identical, 
namely,  Icuoitic  baealta  and  the  tuffs  derived  from  them ;  but  it  is 
dear  that  while  in  the  former  the  lavas  form  a  very  large  proportion 
of  the  mass,  in  the  latter  tbey  are  quite  subordinate  to  the  tuffs,  of 
which  the  volcano  is  mainly  built  up.  In  the  centre  of  each  of  these 
old  craters  rises  a  more  modem  volcanic  cone,  but  of  very  different 
cbai'acters  in  the  two  cases.  While  Vesuvius  is  composed  of  lavas 
and  tuffs  quite  similar  in  character  to  lliose  of  Somma,  the  MontAgna 
di  Sauta-Croce,  which  hfts  risen  in  tlio  midst  of  the  old  nrater  of  Rooca 
Monfina,  consists  of  vast  hnmuochy  masses  of  a  peculiar  rock — a 
"  trachy- dole  rite."  with  much  mica.  Tliat  the  crater-ring  of  Corti- 
nolla  (which  enil.mcos  Ibe  moiii.t„iii  pni.Uifwl  by  Uler  emiMi^-t.s,  in 
the  same  manner  that  Somma  does  Vesuvius)  was  formed  by 
similar  explosive  action  to  that  which  we  know  gave  origin  to 
the  inftiT,  no  one  can  doubt  who  oliserves  the  exact  correspondence 
in  all  the  characters  of  the  two  mountains.  The  only  difference  be- 
tween them  is  tiiis — that  while  Somina,  after  the  great  paroxysm 
which  destroyed  all  tbe  higher  and  central  portions  of  its  mass,  con- 
tinued to  pour  forth  those  similar  leucitic  lavas  and  tuffs  by  which 
the  modern  cone  of  Vesuvius  was  gradually  built  up,  Rocca  Monfina, 
by  a  chnnge  not  uncommonly  witnessed  at  centres  of  volcanic  out- 
bursts, began  to  originate  materials  of  a  different  composition  and 
mode  of  behaviour,  namely,  the  more  acid  lavas  of  much  less  perfect 
liquidity  which  formed  those  great  bosses  in  the  centre  of  its  crater 
eonstituiing  tbe  mountain-masses  of  Sauta-Croce. 

Proceeding  still  to  the  northwards,  we  find,  a  litlle  to  the  eontb  of 
Borne,  a  third  volcanic  group,  that  of  Monte  d'Albano,  oorapnsed  of 
similar  leucitic  basalts  and  tuffs  to  those  of  Vesuvius  and  Kocca 
Monfina.  In  the  centre  rises  Monte  Cavo,  which  we  may  justly 
compare  to  Vesuvius;  it  is  a  volcanic  cone,  with  a  well-marked 
crater  at  its  summit,  upon  the  floor  of  which  rise  the  remains  of 
several  smaller  cones,  now  weathered  down  and  grass-grown.  Monte 
Cavo,  like  Vesuvius,  is  embraced  by  a  groat  crater-ring,  broken  away 
on  its  weslem  side  by  the  Inter  parasitical  eruptions  which  have  origin- 
ated the  crHters  of  Vallariccia,  Lngo  d'Alliano,  Logo  di  Nemi,  and 
the  craters  about  Fi-ascati.  But  while  the  outer  crater-ring  of  Somma 
.     has  an  internal  diameter  of  only  two  miles  and  a  half,  and  that  of 
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Boooa  Monfina  of  three  miles,  the  siniilar  crater-ring  of  Honte  AI- 
bano  is  not  less  than  six  milee  in  internal  diameter ;  and  it  is,  more- 
over, almost  wholly  composed  of  Tc^canic  tuffs.  In  spite,  however, 
of  the  difference  of  size,  no  geological  observer  can  for  a  moment 
donbt  that  the  exact  identity  of  relation  between  VesnTios  and  Monte 
CSavo,  and  their  respective  encircling  creter-rings,  points  to  a  simi- 
larity in  their  mode  of  origin ;  and  of  what  that  was  in  the  case  of 
the  former  we  have  actually  historical  evidence. 

North  of  Rome  rises  another  volcanic  group — that  of  the  Lsgo  di 
Braociano.  In  this  case  we  find  a  great  circular  hollow  of  almost 
(Nreoisely  the  same  dimensions  as  that  of  Monte  Albano,  and  composed 
of  identical  materials,  namely,  leucitic  tufiBs,  with  a  few  currents  of 
lava.  The  circular  mountain  group  that  incloses  the  Lago  di  Bracciano 
only  differs  from  that  at  Albano  in  the  circumstance  that  no  central 
mountain  rises  in  its  midst.  The  great  hollow  occupied  by  the  Lago 
di  Braociano  is  nearly  circular  in  form,  and  about  61  miles  in  diameter. 
The  surface  of  the  lake  is  540  feet  above  the  level  of  the  sea ;  while 
the  highest  point  of  its  surrounding  wall,  the  hill  known  as  the  Booca 
Bomana,  rises  to  a  further  height  of  1,486  feet  On  its  western 
side  the  inclosing  ring  of  hills  has  been  cut  through  by  the 
Biver  Arrone,  which  affords  an  outlet  for  the  waters  of  the  lake.  It 
aj^iears  clear  that  the  excavation  of  this  river  valley  has  effected  a 
gradnal  lowering  of  the  level  of  the  Lago  di  Braociano,  in  a  manner 
similar  to  what  was  suddenly  effected,  by  artificial  means,  in  the  case 
of  the  lakes  of  Albano  and  Nemi  by  the  ancient  Romans.  A  few 
scattered  outbursts  of  the  volcanic  forces  have  evidently  taken  place 
in  the  immediate  neighbourhood  since  the  grand  catastrophe  by 
which  the  vast  crater  was  formed ;  and  numerous  hot  and  mineral 
springs  all  around  bear  witness  to  the  fact  that  the  igneous  forces  are 
not  even  yet  wholly  extinct  beneath  it. 

The  Lago  di  Bolsena  is  less  perfectly  circular  in  form  than  the 
Lago  di  Braociano;  its  length  from  north  to  south  is  10^  miles,  and 
its  breadth  from  east  to  west  nine  miles.  The  lake  lies  in  the  midst 
of  a  group  of  hills,  wholly  composed  of  volcanic  rocks,  which  rise 
gradually  from  the  plains  to  heights  of  from  1,200  to  1,500  feet 
above  the  sea.  The  surface  of  tlie  waters  of  the  lake  is  962  feet 
above  the  level  of  the  Mediterranean,  and  the  ring  of  liills  around  it 
oonstitute  heights  for  the  most  part  from  300  to  500  feet  above  it. 
Some  few  points  in  this  crater-ring  are,  however,  of  considerably 
greater  elevation,  as  San  Lorenzo  on  the  north,  Valentano  on  the 
south,  and  Montefiascone  on  the  south-east,  which  are  respectively  at 
heights  of  684,  780,  and  985  feet  above  the  level  of  the  waters  of  the 
lake.  The  last-mentioned  point,  however,  owes  its  great  elevation 
to  a  later  eruption,  the  town  being  built  on  the  summit  of  a  cinder- 
cone  which  has  been  thrown  up  on  the  very  edge  of  the  crater-ring, 
evidently  at  a  period  subsequent  to  its  formation.  Like  that  of 
Braociano,  the  crater- ring  of  Bolsena  is  cut  through  by  a  river- 
valley,  that  of  the  Marta,  which  affords  a  means  of  escape  for  its 
waters  on  its  south-western  side;  and  it  is  clear  that  by  the  exca- 
vation of  this  channel  the  surface  of  the  lake  has  be^w  ^t^\\<dyi^ 
lowered. 
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Tlio  lake  of  Bolsena  differti  from  tliat  of  Bracciano  in 
islauds,  known  as  Bisentina  and  Martnna,  rising  in  its  miilat.  These 
ore  composed  of  volcanic  tuffa,  anil  present  the  peculinr  quaqtiaversal 
dips  BO  cliaracteriatio  of  cinder-cones.  Theie  are  evidently  the  re- 
mains of  two  BDinll  cones,  which  have  lieen  thrown  up  on  the  floor 
of  the  great  craler,  b;  eruptions  suiiseqiient  to  the  great  paroxyaiu 
which  piiMiuced  ite  main  featureB. 

Tbe  series  of  craters  which  we  have  now  dcscrilied  possees  so  manj 
features  in  common  that  it  is  very  instructive  to  notice  auoh  points  of 
difference  as  exist  between  them,  since  these  may  serve  to  illustrate 
the  vorions  changes,  both  in  the  nature  and  products  of  their  action, 
whioh  volcanic  centres  may  undergo. 

In  Somma  we  find  a  crater  with  a  diameter  of  two  miles  and 
a  half,  the  actual  formation  of  whioh  is  described  by  historiant ; 
while  the  materials  ejected  in  the  course  of  ite  production  still  lie 
thickly  over  tlte  ruins  of  buried  oilies.  Within  this  crater  a  cone — 
that  of  Vesuvius — has  grown  up,  and  has  Ijeon  in  great  part  destroyed 
and  re-formed  several  times  during  the  laat  eighteen  centuries.  In 
Rooca  Monlina  a  crater-ring  of  almost  identical  character,  but  of 
somewhat  larger  dimensions  and  older  dat«,  has  hod  extruded  -within 
its  area  bosses  of  bulky  crystalline  rock,  apparently  of  so  viscid  a 
obaructer  at  the  time  of  their  emieaion  as  not  to  be  capable  of  being 
scattered  in  ecoriee,  or  of  flowing  in  lava-streams.  To  pass  from 
these  ornlera  to  those  of  Monte  Albano  and  the  Logo  di  Bracoiano 
(of  wljich  tlio  dinmetcir  is  nliiiost  twice  as  great)  may  nt  first  sisht, 
perhaps,  present  some  difficulty  ;  but  if  the  exact  correspondence  of 
all  the  features,  except  those  of  size,  between  Somma  and  Vesuvius 
on  the  one  hand,  and  the  outer  ring  and  central  cone  and  crater  of 
Monte  Albano  on  the  other  hand,  be  considered,  no  one  can  possibly 
doubt  the  similarity  of  their  modes  of  origin.  The  contrast  is 
sufSciently  obvious  between  what  must  have  occurred  in  tlie  case  of 
the  latter  volcanic  group,  where  a  centrnl  cone  of  vast  dimensions 
has  been  built  up  by  eruptions  subsequent  to  the  grand  paroxysmal 
outburst  that  gave  origin  to  the  outer  crater-ring  and  in  that  of  the 
vent  of  Bracciano,  which  became  quite  extinct  after  its  final 
grand  effort.  In  the  Lago  di  Bolsena  a  paroxysm,  of  such  violence 
as  to  produce  even  a  still  larger  crater,  was  followed  by  feebler  out- 
bursts, that  only  sufBced  to  form  two  small  cinder-cones  within  its 
vast  circuit. 

It  is  not  surprising  that  the  vast  size  of  these  great  lakes  of 
Bracciano  aiul  Bolsena  should  have  led  some  to  enteitain  doubts  as 
to  the  possibility  of  their  having  been  formed  in  the  same  way  as 
ordinary  craters— that  is,  by  explosion.  But  if  a  sufficiently  lai^ 
series  of  these  objects  be  sttidied,  it  will,  we  think,  he  found  im- 
possible to  draw  any  clear  line  of  distinction  between  those  of  the 
most  moderate  dimensions  and  those  which  attain  such  vast  pro- 
portions, or  to  ascrilw  to  the  latter  any  different  mode  of  origin  to 
that  which  has  so  clearly  produced  the  former. 

Withont  passing  beyond  the  district  with  which  we  are  now  im- 
mediately coucerued,  the  truth  of  this  statement  may  be  made  clearly 
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apparent.  In  the  Gampi  PhlegraBi  we  have  Beveral  beantifal  examples 
of  orater-lakes,  such  as  Agnano  and  Avemus.  Both  of  these  are  less 
than  one  mile  in  diameter,  and  there  is  no  more  room  for  doubting 
their  mode  of  origin  than  there  is  for  qaestioning  that  of  Astroni, 
which  is  a  crater  with  a  very  small  lake  in  its  midst,  or  indeed  of 
that  of  Monte  Nuovo,  the  formation  of  which  was  actually  witnessed 
only  three  centuries  and  a  half  ago.  But  in  the  immediate  proximity 
of  these  are  the  precisely  similar  crater-rings  of  Pianura  and  the 
Piano  di  Quarto,  which,  although  having  diameters  of  three  and  four 
miles  respectively,  are  nevertheless  so  precisely  similar  in  character 
that  it  is  quite  impossible  to  assign  to  them  a  different  mode  of  origin. 

Again,  the  formation  of  the  crater-ring  of  Somma  is  an  event  of 
which  we  have  authentic  records,  and  it  is  impossible  to  doubt  that 
an  eruption  on  even  a  still  grander  scale  must  have  originated  the 
precisely  similar  crater  surrounding  Monte  Albano ;  while,  if  this  be 
admitted,  the  analogous  crater-rings  of  Bracciano  and  Bolsena  cannot 
but  be  assigned  to  the  operation  of  similar  causes. 

Indeed  of  the  recent  formation  of  a  crater  of  even  as  vast 
dimensions  as  those  which  we  have  described  as  existing  in  Italy, 
we  have  an  example  in  the  grand  eruption  of  Papaudayang,  in 
Java,  in  1772,  by  which  a  gulph  no  less  than  fifteen  miles  long 
by  six  broad  was  originated  I 

Accepting  then  the  conclusion  that  even  the  vast  circular  lakes  of  the 
Italian  peninsula  have  been  formed  by  explosive  outbursts,  similar  in 
character  to,  but  of  greater  intensity  or  duration  than  some  of  tliose 
which  have  been  recorded  during  the  short  periods  to  which  history 
or  tradition  goes  back,  we  may  proceed  to  ask,  what  are  the  causes 
which  have  led  to  the  production  in  different  cases  of  very  dissimilar 
structures  by  the  same  explosive  action  ? — namely,  of  cones  like  Monte 
Nuovo  and  Etna,  on  the  one  hand,  having  comparatively  small  craters 
at  their  summils,  and  of  vast  craters  like  the  Piano  di  Queirto  and  tlie 
Lago  di  Bolsena,  in  which  the  surrounding  wall  is  of  comparatively 
insignificant  bulk  and  elevation.  In  making  this  distinction,  how- 
ever, it  must  be  borne  in  mind  that  no  strong  line  of  demarcation 
exists  between  the  two  classes  of  objects.  Between  almost  perfect 
volcanic  cones,  exhibiting  at  their  summits  quite  insignificant  craters 
and  pit-craters  with  scarcely  a  vestige  of  a  crater- wall,  examples 
illustrating  every  conceivable  stage  of  gradation  may  be  cited. 

It  is  clear  that,  as  a  general  rule,  the  formation  of  volcanic  cones 
must  be  assigned  to  the  operations  of  comparatively  moderate  ex- 
plosive force,  either  long  continued  or  oft  repeated ;  while  that  of 
pit-craters  must  be  due  to  comparatively  short,  sudden,  and  violent 
outbursts. 

That  the  cause  which  produces  both  classes  of  volcanic  vents  is  no 
other  than  the  expansive  force  of  bodies  of  steam,  which  are  disen- 
gaged from  masses  of  incandescent  lava  rising  through  fissures 
towards  the  surface,  is  a  fact  now  universally  recognized.  And  tc 
the  geologist  familiar  with  the  appearances  presented  by  such 
fissures,  as  filled  with  the  now  consolidated  materials  to  which  tliey 
gave  passage,  and  exposed  beneath  what  were  once  eruptive  vents, 
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througli  the  removnl    by   denudation   of    the    overlying  toI 

structures,  a  cause  for  the  Tftrying  modes  of  action  at  different  point« 
of  the  same  volcanic  diatrict  may  readily  suggest  itself. 

The  great  fisBurea  filled  with  ooiisoliilaled  materials,  whieh  pene- 
trate older  rocks  in  volcanic  areas  that  have  suffered  great  denudation, 
affect  two  very  distinct  modes  of  armngement.  They  are  either 
cracks  which  traverse  the  strata  vertically,  or  fisaurea  which  have 
been  formed  through  the  yielding  of  the  planes  of  leaat  resistance 
among  the  stratji  themselves.  The  former,  filled  with  oonsolidated 
lava,  become  dykes  ;  the  latter,  intntsive  sheets. 

That  the  fissures  of  both  classes  sometimes  reached  the  surface,  and 
that,  in  such  coses,  they  gave  origin  to  volcawio  outbursts,  we  have 
very  unmistakeable  evidence.  But  it  is  also  clear  that  the  action 
which  would  take  place  at  the  surface  in  the  case  of  tie  two  kinds  of 
fissures  would  necessarily  be  very  different.  In  the  case  of  a  verrical 
fissure,  ihesmttlleatcommunicationwith  the  surface  would  lead  to  alocal 
disengngenient  of  vapour,  and  this  relieving  the  pressure  on  tbe  mass 
below,  continually  fresh  supplies  of  steam  would  be  liberated,  carry- 
ing up  fragments  of  the  liquefied  rock  in  which  it  was  imprisoned  as 
scorise  or  pumice,  or  forcing  it  out  in  streams  as  lava.  I'hus  would 
naturally  be  built  up,  according  to  circumstances,  a  cone  of  cinders, 
a  composite  oono  of  cinders  and  lava,  or  a  solid  cone  ("  mamelon  "), 
wholly  formed  by  ths  welling  out  of  the  latter  material.  But  in  the 
case  of  a  horizontal  fissure,  the  result  would  probably  be  very  differ- 
ent. Hero  tlie  mims  of  lava,  which,  as  we  know,  may  be  force.l 
for  many  miles  away  from  the  volcanic  centre,  would  have  its  im- 
prisoned water  retained  by  the  superincumbent  rocks  till  it  reached  a 
point  at  which,  either  from  a  decrease  in  the  thickness  or  a  diminution 
in  the  capacity  for  withstanding  expansive  force  of  the  superincumbent 
rock,  it  began  to  be  disengaged.  Then  an  accumulation  of  vapour  of 
the  highest  tension  would  begin  to  take  place,  and  by  its  accumulated 
force,  the  repressive  power  of  the  overlying  rocks  being  at  last  com- 
pletely overcome,  the  latter,  throughout  a  wide  area,  would  bo 
shattered  to  fragments  and  dissipated  in  one  short,  sudden,  and 
violent  outburst.  But  the  mass  of  lava  to  which  this  outburst  was 
due,  having  beneath  it  no  further  reservoir  from  which  steam  could 
be  disengaged  and  rise  to  the  surface,  the  first  violent  outburst 
would  not  be  succeeded,  as  in  the  case  of  vertical  fissures,  by  a 
series  of  similar  esplosions. 

By  the  liberation  of  vapour  in  vertical  and  horizontal  fissures  re- 
spectively, then,  it  seems  possible  to  account  for  the  formation  in  the 
same  district,  as  in  the  Campi  Phlegrtei,  of  the  two  very  distinct 
kinds  of  volcanic  vents,  or  for  the  appearance  of  either  class  almost 
alone,  as  in  the  Eifel  and  the  Auvergne. 

But  though  this  explanation  may  suffice  to  account  for  the 
production  of  those  smaller  vents  which  occur  in  such  areas  as  we 
have  referred  to,  yet  it  is  evident  that  the  formation  of  enormous 
craters  like  those  of  Bracciano  and  Bolsena  is  a  problem  of  a  different 
and  perhaps  far  more  difficult  character. 

If,  for  example,  we  were  to  conceive  of  an  eruption  of  bo  violent  a 
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chancter  as  to  blow  into  the  air  all  the  central  portion  of  Etna,  so  as 
to  leaTe  a  crater  of  many  miles  in  diameter,  the  resnlt  woold  be  not  very 
different  from  the  vast  lake  sarroanded  by  a  rim  of  comparatively 
small  elevation,  which  we  witness  in  Braociano  and  Bolsena.  Bot 
here  we  are  met  by  the  fact  that,  in  Italy,  at  least  within  the  historic 
period,  no  such  mountain  as  Etna  has  ever  been  so  destroyed  by  a 
volcanic  ootborst  as  to  leave  only  a  basal  wreck  consisting  of  a  wide 
and  low  crater-ring. 

Etna  is  an  admirable  type  of  a  weU-hmlt  volcano.  As  shown  in 
the  splendid  section  of  the  Yal  del  Bove,  lava-streams,  dykes,  and 
agglomerates  are  combined  together  into  a  framework  of  the 
most  solid  character.  As  the  structure  has  risen  in  height,  the 
weakest  portions  of  its  flanks  have  successively  yielded  to  the  vast 
expansive  forces  below,  and  fissures  being  produced,  these  weakest 
parts  have  been  successively  repaired  and  strengthened,  first  by  the 
injection  and  consolidation  of  lava  in  the  fissures,  and  secondly  by 
the  piling  up  of  materials  above  them.  Thus  the  grand  cone  has 
grown,  by  the  alternate  strengthening  of  its  flanks  through  lateral 
outbursts,  and  the  renewal  of  ejections  from  its  axial  crater,  as  the 
vast  chimney  became  sufficiently  strong  to  sustain  the  pressure 
necessary  to  raise  the  materials  to  the  lofty  summit  of  the 
mountain.  That  this  has  really  been  the  process  of  growth  in  Etna, 
no  one  who  studies  its  enormous  bulk,  its  numerous  parasitical 
cones,  and  its  clear  sections,  can  for  one  moment  doubt 

But  as  we  have  already  pointed  out.  the  wide  and  little  elevated 
crater-rings  of  Albano,  Braociano  and  Bolsena  present  a  totally  dif- 
ferent kind  of  architecture  to  the  solid  stracture  of  Etna.  They  are 
in  fact  almost  wholly  built  up  of  loose  tuffs ;  masses  of  solid  lava, 
whether  in  currents  or  dykes,  being  few,  and  forming  but  a  very 
small  proportion  of  their  bulk. 

The  action  of  expansive  forces  within  cones  almost  wholly  com- 
posed of  such  loose  materials  would  necessarily  be  very  different 
from  that  which  we  have  seen  takes  place  in  Etna.  Lateral  enij)tions 
would  become  almost  impossible,  for  as  soon  as  any  |>art  of  the  flanks 
of  the  mountain  began  to  yield  to  tlie  rending  force,  the  loose  materials 
at  the  sides  of  the  fissure  would  close  in  and  fill  the  crack  as  rapidly 
as  it  was  formed.  That  this  is  no  hypothetical  explanation  of  wliat 
takes  place  in  such  tuff  cones  is  shown  by  the  numerous  beautiful 
pseudo-dykes,  filled  with  fragmentary  materials,  which  occur  in 
the  tuff-cones  of  the  Campi  Phlegraji,  and  the  almost  total  abseuoo 
in  these  cones  of  dykes  of  solid  lava. 

The  exi)an8ive  force  of  the  vapour,  gradually  separated  from  the 
incandescent  masses  of  lava  l>elow  the  mountain,  being  thus  unable  to 
open  any  safety-valve  by  producing  a  lateral  eruption,  would  at  last 
attain  such  tension  as  to  enable  it  to  dissipate  the  whole  structure  of 
the  cone  itself,  composed  as  it  is  of  k)ose  and  uncompacted  materials. 
These  by  repeated  ejection  would  bo  reduced  to  fine  fragments,  which 
would  be  deposited  as  tuff  and  ash  over  enormous  areas  all  around 
the  vents.  The  craters  of  Albano,  Bracciano,  and  Bolsena  are  in  fact 
surrounded  by  such  deposits,  which  extend  over  a  wide  d\ft\T\cX  wcqmvA 
them. 
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Vast,  tlien,  aa  are  tlie  dimeneioiifi  of  the  great  crater-lakeo  of  Ceo- 
tral  Italy,  it  is  imposGible  to  doubt  that  thoy  liava  hf.a\  formed  by  the 
Bame  oauses  which  have  originated  the  DUmerous  others  of  stoAller 
size,  but  of  Bimilor  character,  within  the  aamo  district, — namely,  the 
explosive  action  of  steam  disengaged  from  masses  of  lava  below  them. 
Nor  doea  it,  ia  the  case  of  these  vast  craters,  seem  poeaible  to  admit 
of  their  areas  having  been  enlarged  subsequently  to  their  formation  by 
any  kind  of  erosive  aatioD.  Not  only  is  there  no  evidence  whatever 
that  these  oraters  have  been  submerged  beneath  the  ocean  ;  bnt,  on 
the  contrary,  the  narrow  rivers  and  valleys  by  means  of  which  the 
waters  of  both  Bolsena  and  Bracoiano  are  carried  off,  as  well  ae  the 
loose  cinder  cones  in  the  midst  of  the  former,  point  to  an  exactly  op- 
posite conclusion.  Neitlier  does  the  action  which  Mr.  Brigham  points 
out  as  taking  place  within  that  vast  lake  of  liquefied  rock,  Kilauea, 
namely,  the  encroachments  of  the  maas  of  incandescent  liquid  upon  its 
walls,  bywhiohtheBearesIowly  eaten  bock,  appear  to  throw  any  light 
upon  the  formation  of  the  groat  Italian  craters  ;  so  very  different  in 
composition  and  behaviour  are  the  lavas  of  Italy  and  Hawaii  respect- 
ively. All  theories  of  on  engulphment  of  the  central  masses  of  the 
volcano  completely  fail  to  explain  the  regular  circular  form  of  these  ] 
depressions,  and  their  striking  similarity  lo  those  of  smaller  size, 
which  have  evidently  been  produced  by  explosive  action.  ' 

Mor,  when  we  refieot  on  the  small  portion  of  the  earth's  sarfooe,  1 
and  the  very  short  periods  oonoeming  whioh  we  have  any  records  of 
the  nature  and  reBAilts  of  the  pliysical  chftngi?s  that  have  taken  j)laoo 
upon  it,  need  we  hesitate  to  admit  that  paroxisms  may  have  occurred 
which,  though  similar  in  kind,  yet  exceeded  in  their  degree  of  intensity 
any  which  man  may  have  had  an  opportunity  of  witneBsing  or  re- 
cording. 

IV. — Glacial  Ebosioit. 

By  J.  G.  GooDCHiLD,   P.G.9. ; 

Of  H.  H.  Geological  Surre;  of  Engliiid  and  WbIm. 

{Ooncludtd  from  page  328.) 

Any  one  who  compares  the  terraces  that  are  shaped  by  rivers  and 
the  sea  with  the  terraces  that  are  found  in  the  Yorkshire  Dales  must 
see  that  in  the  one  case  the  denuding  agent  baa  acted  alike  npon 
beds  of  all  degrees  of  hardness,  and  has  shorn  off  the  edges  of  the 
rocks  to  one  level,  whether  the  strata  were  horizontal  or  inclined ; 
in  the  other  case  the  denuding  agent  has  acted  unequally  upon  the 
rocks  according  to  their  varying  powers  of  resistance,  so  that  the 
harder  beds  were  left  in  relief;  and,  so  far  from  being  all  shorn  off 
to  one  level,  it  would  perhaps  be  difficult  to  find  any  one  of  the  Dale 
District  terraces  that  ia  not  more  or  less  inclined.  The  bases  of  the 
cliffs  formed  by  the  one  denuding  agent  are  quite  level ;  those  left  by 
the  other  are  often  inclined  many  degrees. 

It  will  perhaps  he  remarked  that  the  peculiarities  of  the  Dale 
terraces  are  just  what  one  ought  to  expect  if  they  are  the  result  of 
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Snbaerial  Denndaiioii.  ETen  where  there  is  no  stream  to  remove  the 
weathered  material  as  fast  as  it  falls,  some  geologists  would  probably 
oonsider  the  combined  action  of  springs  and  the  weather  quite 
sufficient  to  give  rise  to  the  features  in  question.  But  in  the  par- 
ticular district  here  referred  to  there  seems  to  be  evidence  to  prove 
that  this  view  is  incorrect  It  will  perhaps  be  sufficient  to  refer  to 
the  following  points  in  confirmation  of  this.  Wherever  springs  are 
found  in  such  a  series  of  alternations  of  beds  of  different  lithological 
diaracter  as  forms  the  hills  of  the  Dale  District,  they  usually  occur 
at  irregular  and  often  at  distant  intervals  along  the  bases  of  the  more 
permeable  beds.  In  most  cases,  especially  in  the  lower  beds,  the 
springs  issue  at  the  line  of  junction  of  a  limestone  with  the  more  or 
less  impervious  bed  that  it  lies  upon.  Most  of  the  spring  water  thus 
thrown  out  has  usually  flowed  only  a  short  distance  under  ground ; 
in  the  generality  of  cases  the  water  that  flows  over  the  surface  of  the 
UBually  impervious  bed  above  sinks  as  soon  as  it  reaches  the  open 
joints  of  the  limestone  and  collects  over  the  next  impervious  bed 
beneath,  by  which  it  is  again  thrown  out  to  the  day.  Thus  it  follows 
that»  where  little  water  finds  its  way  on  to  the  limestone,  as  little 
is  thrown  out  as  springs ;  but  where  the  limestone  is  near  the  edge 
of  a  considerable  flat,  especially  if  there  is  also  a  peat  moss  near, 
springs  of  considerable  size  make  their  appearance.  The  steep  slopes 
of  the  fell-sides  in  the  dales  usually  prevent  the  wide  spreading 
of  any  great  quantity  of  water,  which  for  the  most  part  finds  its  way 
to  a  lower  level  without  forming  many  springs  in  its  course ;  but 
high  up  on  the  fell-sides,  near  where  the  flatter  surface  begins  to  be 
covered  with  peat  mosses,  the  greater  part  of  the  water  that  comes 
down  the  fell-sides  issues  from  the  springs  that  are  found  along  the 
base  of  the  highest  thick  bed  of  limestone.  In  other  words,  at  low 
levels  there  are  found  but  few  springs,  and  those  only  small :  while 
in  the  higher  parts  the  springs  are  both  numerous  and  of  compara- 
tively large  volume.  When  we  compare  the  forms  of  the  scars  in 
tlie  two  places,  it  is  at  once  apparent  that  where  there  are  but  few 
springs,  that  is  to  say,  in  the  low  ground,  the  characteristic  sweeping 
outline  and  general  uniformity  of  character  of  the  scars,  is  retained; 
while  where  there  are  many  springs,  as  in  the  higher  parts,  the  wide 
and  irregular  notches  that  break  the  regularity  of  the  scar's  outline, 
and  the  accumulation  of  fallen  blocks  that  have  been  undermined, 
plainly  indicate  that  the  springs  are  slowly  destroying  the  present 
regularity  and  replacing  it  by  a  form  of  surface  altogether  different. 
To  put  this  in  another  form : — where  there  are  no  springs  we  get 
the  most  perfect  outline  and  a  surface  without  much  fallen  rock : 
where  there  are  many  springs  the  rock  features  present  a  broken  and 
irregular  outline,  and  the  slopes  beneath  are  encumbered  with  the 
rock  thus  degraded.  Again,  the  springs  do  not  come  out  at  regular 
or  at  close  intervals,  but  are  confined  to  certain  positions  that  are 
usually  determined  by  either  the  lie  of  the  rocks  or  the  general 
direction  of  the  streams  whence  most  of  the  water  is  derived.  To 
produce  anything  like  the  regularity  of  form  that  one  sees  in  the 
scars,  the  springs  must  have  acted  at  regular  and  close  intervals  all 
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along  tbo  line  ;  and  each  muet  also  have  nooompliohf^  only  a  c 
definite  amount  of  cutting  back  before  ita  position  t^in  changed. 
Even  granting  that  it  ia  possible  for  eprings  to  cut  back  an  escarp- 
ment with  a  certain  total  amount  of  regularity,  it  is  clear  that,  unless 
there  are  at  hand  larger  streams  to  remove  the  underrained  rock,  the 
BjjringB  would  aoou  become  so  much  ohoked  up  that  their  action 
would  no  longer  be  effeotual.  In  other  words,  if  the  rat«  of  removal 
do  not  keep  paco  with  the  rate  of  disintegration,  the  accumulating 
talus  would  Boon  protect  that  part  of  the  soar  from  much  fnrther 
alteration.  Another  objection  to  the  spring  theory  is  that  nearly  all 
the  denndation  effected  by  the  springs  would  bo  confined  to  beds 
above  the  impervious  bed  that  throws  them  out;  henoe,  if  the  lime- 
etoue  scars  are  really  the  result  of  spriug  action,  we  ought  to  find  the 
limestone  scar  in  all  cases  at  B.  considerable  distance  nearer  the 
centre  of  the  hill  than  the  outcropping  edge  of  the  sandstone  that 
forms  its  base.  Instead  of  this,  we  find,  in  nearly  every  case  but 
tliat  where  the  limestone  directly  overlies  a  soft  bed,  that  the  lime- 
stone scar  forms  part  of  one  continuous  slope  with  the  outcrop  of  the 
sandstone  beneath.  Hence  the  coscEusion  seems  inevitable  that  both 
soars  were  formed  at  the  same  time  and  by  the  same  agencies. 
Lastly,  some  of  the  terraces  whose  origin  is  here  discussed  have  a 
width  of  two  hundred  or  three  hmidred  yards,  or  even  more  than 
that ;  yet  the  outer  part  of  the  terrace,  that  is  to  say,  the  part  nearest 
the  marginal  scar,  usually  exhibits  no  greater  amount  of  weathering 
than  does  the  innermost  part  close  to  where  the  next  bed  a\iov(' 
comes  on.  If  then  the  terraces  have  really  been  produced  by  Sub- 
aerial  Erosion  ocLiug  unequally  upon  beds  of  different  degrees  of 
destructibility,  it  follows  either  that  the  overlying  shales  have  been 
cut  back  from  the  limestone  at  a  greater  i-ate  than  we  have  evidence 
for ;  or  else,  if  the  time  occupied  in  cutting  them  back  has  been  long, 
the  weather  has  no  appreciable  effect  upon  the  limestone  after  this 
has  undergone  a  certain  amount  of  subaerial  erosion.  Yet  there  is 
clear  proof  that,  under  ciicumstances  the  most  favourable,  so  soft  a 
rock  as  shale  has  rarely  been  cut  back  far  in  Post-Glacial  times; 
therefore  it  is  clearly  impossible  that  a  much  larger  quantity  can 
have  been  removed  in  the  same  time  in  situations  where  no  stream 
could  possibly  flow  under  anything  like  the  present  physical  con- 
ditions. The  alternative  that  after  a  time  the  limestone  ceases  to 
undergo  any  further  erosion  needs  no  other  argument  to  disprove  it 
than  that  afforded  by  the  position  and  shape  of  the  swallow -holes. 
Under  subaerial  conditions  the  streams  that  gave  rise  to  the  swaDow- 
holes  must  be  continually  cutting  back  the  soft  beds  overlying 
the  limestone  from  the  point  where  the  stream  first  reached  the 
limestone  towards  the  watershed.  Consequently,  the  swallow-holes 
that  were  first  formed  -would  cither  remain  in  their  original  shape 
and  [jositiou  to  mark  where  the  stream  first  began  to  sink,  or  else 
would  tend  to  lengthen  in  the  direction  of  the  source  of  the  stream. 
as  the  point  where  tliie  first  reached  the  limestone  slowly  receded 
towards  the  watershed.  Hence  the  swallow-holes,  instead  of 
retaining  a  rudely  circular  form,  would  change  first  into  the  form 
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of  an  ellipse,  and  then  gradually  become  longer,  until  they  extended 
from  the  point  where  they  were  initiated  right  across  the  terrace  to 
the  very  inner  margin.  If  the  rate  of  recession  of  the  scar  at  the 
edge  of  the  terrace  were  equal  to  tliat  of  the  overlying  bank  of  shale, 
the  first  formed  swallow-holes  would  soon  be  cut  back  too,  and  we 
should  then  find  a  series  of  ravines  extending  across  the  whole 
width  of  the  terrace. 

It  need  hardly  be  repeated  that  nothing  of  the  kind  is  to  be  found 
in  the  part  of  the  Dale  District  here  referred  to :  perhaps  it  would  be 
difficult  to  find  a  single  instance  of  such  a  series  of  ravine-like 
swallow-holes  in  the  entire  Dale  District 

Now  it  is  clear,  as  was  pointed  out  above,  tliat  the  existence  of 
these  terraces  has  been  determined,  not  by  the  capacity  of  the  rocks 
that  form  them  to  resist  subaerial  erosion,  but  by  their  relative 
powers  of  resistance  to  erosion  by  mechanical  means. 

Bearing  these  facts  in  mind,  and  reflecting  upon  the  regular  forms 
of  the  scars ;  their  parallelism  with  others  above  and  below ;  their 
freqaent  correspondence  in  form  with  others  on  the  same  horizon 
across  valleys  a  mile  or  more  in  width ;  the  existence  of  perfect  scars 
and  terraces  many  hundreds  of  feet  above  where,  under  existing 
physical  conditions,  it  would  be  possible  for  any  stream  to  produce 
them ;  the  uniformly  weathered  surface  of  the  limestone  and  the 
restriction  of  the  principal  swallow-holes  to  the  inner  margin  of 
each  terrace ;  the  general  absence  of  much  debris  from  the  higher 
beds ;  and,  finally,  the  existence  of  glacial  markings  close  to  the 
inner  margins  of  some  of  the  widest  terraces  —  wo  may  well  hesitate 
to  accept  any  theory  whereby  the  origin  of  these  characteristic  rock 
features  b  referred  to  Subaerial  Erosion. 

At  least  as  early  as  the  summer  of  1868  Prof.  Hughes,  when  we 
were  together  surveying  part  of  the  district  referred  to,  expressed 
a  doubt  whether  any  one  of  the  Subaerial  Denudation  theories  was 
adequate  to  account  for  all  the  facts  connected  with  the  rock  features 
of  that  district ;  at  the  same  time  he  stated  his  belief  that  no  small 
share  in  the  development  of  the  surface  characteristics  of  the  Dale 
Bocks  must  be  attributed  to  the  action  of  land -ice.  Since  then  an 
increasing  acquaintance  with  the  physiography  of  a  large  area  of  the 
Upper  PalsBOzoic  rocks  adjoining  the  Dale  District  has  increased  my 
conviction  that  the  theory  put  forward  by  Prof.  Hughes  is  the  only 
one  that  really  sorts  with  the  facts. 

In  the  communication  referred  to  at  the  head  of  this  paper  I  have 
stated  my  reasons  for  believing  the  former  existence  in  the  Dale 
District  of  an  ice-sheet  of  such  a  thickness  that  it  overtopped  the 
highest  fells;  therefore  its  surface  could  not  have  been  much  less 
than  2300  feet  above  the  level  of  the  sea.  Nearly  everywhere  at 
high  levels  the  ice  seems  to  have  flowed  away  from  certain  pi-otty 
well  defined  lines  and  centres  without  being  much  influenced  by  the 
form  of  the  underlying  low  ground ;  while  in  proportion  to  its 
nearness  to  the  bottoms  of  the  valleys  it  seems  in  general  to  have 
been  more  and  more  guided  by  the  configuration  of  the  adjoin- 
ing surface,  in  the  manner  so  often  spoken  of  by  Prof.  K&ma&^« 
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The  Sow  of  Ihe  higher  strata  of  flie  lee  seems  to  have 
guided  by  the  poBition  of  the  adjoining  higher  fell  tops,  while 
lower  strata  Beem  to  have  been  guided  ax  their  course  by  the  sides 
of  the  old  preglociol  valleys  and  to  have  flowed  steadily  uutwards 
nearly  like  a  modem  glacier. 

Whatever  difference  of  opiDion  there  may  be  amongst  geologtsla 
with  regard  to  the  theory  that  I  have  elsewhere  put  forward,  that  Ifae 
great  ice-sheet  was  charged  witi  detritus  throughout,  there  can 
hardly  be  any  with  I'egard  to  the  existence  of  stones  between  the  ioe 
aud  the  rock  surface  that  it  covered.  It  must  be  borne  in  mind  that 
when  the  Glacial  Period  set  in  the  ioe  must  have  had  to  work  at  a 
surface  that  had  been  exposed  for  ages  to  tlie  attacks  of  subaerial 
forces,  and  tliat,  in  conseijuence,  all  the  rocka  were  weathered  to  a 
great  depth.  What  that  depth  was  has  never  yet  been  determined ; 
but,  if  we  may  judge  by  the  rapid  rate  which  many  rooks  weather  in 
a  single  lifetime,  we  should  bo  prepared  to  find  that  the  amount  of 
weathering  effected  between  the  close  of  the  next  older  Qiacial 
Period  and  the  commencement  of  the  latest  was  far  in  excess  of 
anything  of  the  kind  that  we  can  now  point  to  in  these  islands. 
I  have  long  held  the  opinion  that  it  was  this  preglacially- weathered 
rook  that  formed  the  hulk  of  the  materials  of  the  drift. 

When,  therefore,  the  early  glaoiere  began  to  invaile  the  lower  parts 
of  the  valleys,  the  removal  of  the  surface  rook,  tooseued  as  it  was  by 
long-continued  weathering,  mast  have  been  a  comparatively  easy 
niatfor.  At  the  outset,  on  account  of  the  deeply -weathered  joints  in 
tlio  hiii-dor  kimls  of  rock,  their  rates  of  erosion  would  be  nearly 
equal.  But  as  soon  aa  the  weathered  outer  portions  of  the  limestones 
Had  sandstones  were  removed,  the  unweathered  rock  beneath  would 
be  better  able  to  withstand  the  grinding  of  the  ice  than  would  the 
associated  softer  flags  and  shales.  As  a  consequence,  the  soft«r  beds 
were  eroded  much  faster  than  the  interbedded  harder  rocks,  which 
would  thus  be  left  in  relief  as  terraces.  The  remarkable  capability 
of  the  ice  to  adapt  itself  fo  every  form  of  the  surface,  which  the 
glaciated  surfaces  of  the  North  of  England  i>lainly  show  tlie  ice  must 
have  possessed,  must  have  helped  greatly  to  produce  such  a  result 
Wherever  the  ice  passed  over  a  soft  bed  that  had  one  much  harder 
immediately  beneath  it,  the  overlying  bed  was  removed  with  com- 
parative ease;  while  the  newly  bared  upper  surface  of  the  harder 
rock  beneath  offered  much  greater  resistaiice  to  the  grinding  of  the 
ice  and  consequently  suffered  much  loss  erosion.  In  the  case  of  some 
of  the  more  compact  and  thickly-bedded  rocks,  it  seems  that  the 
highest  strata  of  the  hard  bed  even  yet  form  the  upper  surface  of  the 
terrace  a  hundred  yards  or  more  from  the  outcrop  of  the  overlying 
soft  bed. 

In  connexion  with  this  part  of  the  subject  there  is  one  point  that 
seems  to  have  been  overlooked  by  many  of  those  who  have  written 
about  the  vertical  limit  of  the  ice-sheet.  It  has  been  assumed, 
seemingly  upon  insufficient  grounds,  that  the  rough  and  craggy  form 
of  the  higher  parts  of  districts  that  are  well  glaciated  in  their  valleys 
is  gooil  proof  that  these  higher  parts  were  never  overridden  by  the 
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ioo.  But  if  the  view  here  advanoed  be  oorreci — that  the  ioe  remoyed 
from  the  low  ground  all  the  weathered  parts  of  the  rock — it  follows 
that,  because  the  stay  of  the  ioe  at  the  higher  points  was  brief  as  com- 
pared with  its  stay  lower  down,  mnch  less  of  the  high  lying  weathered 
rock  was  removed;  and  conseqaently,  when  the  whole  surface 
became  again  exposed  to  the  action  of  subaerial  agencies,  the  sotmd 
rock  of  the  low  grounds  would  be  long  in  being  affected,  even  where 
it  was  not  covered  by  drift,  while  at  the  higher  points  subaerial 
denudation  would  soon  remove  the  slightly  glaciated  surface  and 
replace  it  by  another  that  would  appear  to  have  been  always  out  of 
the  reach  of  the  ioe.  Thus  it  is  that  in  the  Dale  District  the  higher 
lying  rock  surfaces  show  more  decided  traces  of  the  action  of  the 
weather  than  are  to  be  found  nearer  the  bottoms  of  the  valleys.  The 
thoroogh  glaciation  of  the  low  ground  caused  all  the  preglacially 
weathered  rock — swallow-holes,  widened  joints,  and  all — ^to  be  re- 
moved ;  whilst  at  higher  levels  even  a  oonsiderable  portion  of  the 
pr^lacially  weathered  rock  was  left.  In  the  one  case  the  weather 
has  had  to  begin  its  work  anew ;  in  the  other  it  resumed  work  almost 
where  it  ceased.  The  same  remarks  will  of  course  apply  equally  to 
those  parts  of  Mid  and  Southern  England  whero  the  presence  of 
glacial  drift  marks  the  former  extension  of  the  ice-sheet  When 
compared  with  its  duration  in  the  Northern  parts  of  England,  the  stay 
of  the  ice-sheet  in  the  South  was  probably  brief.  Hence  there  would 
be  less  modification  of  the  rock  surface  than  was  effected  where  the 
ice  had  a  longer  stay.  Consequently,  the  slight  amount  of  erosion 
that  the  rocks  underwent  would  favour  the  rapid  replacement  of  an 
ice-worn  surface  by  one  that  to  all  appearance  had  been  produced 
solely  by  atmospheric  causes. 

With  regard  to  the  quantity  of  rock  removed  from  parts  that  had 
long  been  exposed  to  glacial  action,  there  does  not  seem  anywhere 
to  be  any  satisfactory  evidence.  But  when  we  reflect  upon  the 
immense  numbers  of  the  boulders  of  almost  every  rock  of  marked 
lithological  character  that  have  been  dispersed  far  and  wide  from 
outcrops  of  small  extent,  it  is  at  once  apparent  that  other  rocks  tliat, 
as  boulders,  are  not  so  easily  followed,  have,  under  a  like  amount  of 
glaciation,  suffered  denudation  to  as  great  an  extent.  Tlio  well- 
known  granite  of  Shap  is  a  familiar  instance.  From  a  superficial 
area  of  about  a  square  mile  and  a  half,  lying  just  to  the  north  of  tho 
Lake  District  Watershed,  and  in  such  a  position  as  to  be  long  out  of 
reach  of  the  ice,  immense  numbers  of  blocks  have  been  dispersed  in 
an  easterly  direction  from  tho  Fell  itself,  over  Staiumore,  and  far  and 
wide  over  the  country  to  the  East  at  least  as  far  as  tho  North  Sea ; 
while,  owing  to  the  southern  ovei-flow  of  this  part  of  the  Eden  Valley 
ice  consequent  upon  the  inflow  from  Scotland,  great  numbers  of  the 
same  boulders  have  been  carried  backward  in  the  higher  parts  of  the 
ice,  over  the  watershedding  line,  and  away  South  by  Lancaster, 
Preston,  and  Chester,  at  least  as  far  as  the  Vale  of  Gloucester. 
What  is  true  of  any  one  rock  therefore,  must,  under  like  circum- 
stances, be  equally  true  of  those  that  it  is  associated  with  ;  from  tliis 
it  seems  a  fair  inference  that  tho  quantity  of  rock  removed  Cwvm  ^^ 
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fiurfaoe  of  the  lower  Jjiog  Dale  rooks  must  be  at  leaat  eqnal,  nroa  fnt 
area,  to  what  was  removed  from  Wastdale  Cr^.  Henoe  wo  are  l«d 
to  the  conclasioQ  that  the  ice-sheet  effected  some  very  important 
modifications  of  fonn  in  the  old  preglaoial  valleys.  Where  the  ic* 
remained  for  long  periods,  there  can  hardly  be  any  doubt  tli9t  many 
of  the  valleys  were  both  deepened  and  widened,  in  some  instances  to 
a  DOnsiderahle  extent ;  and  also  that  the  peculiar  mode  of  action  of  the 
ioe  tended  everywhere  to  modify  the  pre-existing  form  of  tiie  surface 
and  even  to  replace  part  of  this  by  sculpturing  that  is  very  differeut 
from  anythingthat,  under  existing  physical  conditions,  oould  possibly 
be  produced  by  any  kind  of  Siibaerial  Erosion. 

Tbo  origin  of  these  torraoea  and  scars  of  limestone  has,  perhaps. 
been  dwelt  upon  here  at  greater  length  than  its  importance  m.ight  at 
first  seem  to  require,  because  the  existence  of  eiich  features  in  a  rock 
BO  easily  aOeotod  by  atmospheric  agencies  aa  limestone  is  affords  un 
a  clear  proof  that  whatever  left  them  in  bo  high  relief  beyond  tla 
associated  less-easily  weathei'ed  beds  was  ou  agent  that  acted  witti 
grefileat  effect  upon  those  rocks  that  could  least  withstand  meobanicsl 
erosiou  and  disregarded  their  varying  power  of  resistance  to  erosion 
by  Subaerial  means. 

We  know  tliat  the  valleys  where  these  features  occur  were  at  one 
time  filled  to  the  highest  jwinta  with  ice ;  we  also  know  by  tie 
position  of  certain  marks  of  glacial  origin  that  but  little  Ktmosphoric 
erosion  has  been  effected  at  those  points  in  Post-glacial  times ;  hence 
the  conchisiim  secraa  inevilable  that  iiU  the  rock  fealures  whose 
origin  cannot  be  referred  to  any  form  of  Suhaerial  erosion,  but  which 
are  clearly  dao  tc  erosion  by  some  mechanical  means,  have  been  the 
work  of  the  ice.  Not  only  tho  terraces  of  limestone,  but  the  asso- 
ciated terraces  and  scars  of  sandstone  and  grit,  must  have  originated 
iu  the  same  way.  Hence  one  is  led  to  regard  nearly  all  the  more 
prominent  rock  features  of  these  well -glaciated  parts  as  in  one  way 
or  another  the  result  of  Glacial  Erosion. 


V. — A  Chapter  in  the  History  of  Meteobitbs. 

By  Walter  Fliqht,  D.Sc,  F.G.S., 

Of  [he  Dcpiulment  of  Mineralogj,  British  Museum. 

{Conlimtedfrom  page  320.) 

1790,  Jtily  34t]i. — Barbotaii  and  Roqaefort,  Landei,  France.* 

A  correspondent  communicated  to  Nature  a  reference  to  a  descrip- 
tion of  this  celebtatt^d  fall  of  meteorites,  which  is  to  be  found  in 
Gruithuisen's  NaturgeBchichte  dea  gestimlen  Himmels  407.  As  it  does 
not  appear  to  have  been  known  to  Buchner,  it  may  be  placed  on 
record  here. 

1803,  April  26tL— L'Aigle,  Ome,  France.' 

While  at  the  end  of  the  last  century  reports  from  time  to  time 
obtained  circulation,  to  the  effect  that  stones  had  been  seen  to  fall 
from  the  sky,  and  while  these  reports  were  generally  discredited  aa 

'  Kalon.     February  Ist,  1872. 

'  £.  U.  Ton  Baumhauei.    Jrchiva  NifrUindaiif,  1872,  vii.  IBi. 
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^Etbuloiis,  a  desire  had  ariaen  among  the  carious  to  collect  and  preserve 
them,  and  even  to  submit  to  careful  study  these  strange  mineral 
masses,  to  which  an  atmospheric  origin  was  attributed.  It  was  at 
this  time  that  Howard  and  De  Boumon  made  a  careful  examination 
of  the  stones  reputed  to  have  fallen  from  the  sky,  which  were  con- 
tained in  the  mineral  collection  of  Greville ;  and,  after  observing 
them  to  possess  certain  characters  in  common,  as  well  as  others  which 
distinguished  them  from  terrestrial  matter,  they  were  led,  in  the  Philo- 
Bophieal  Transactions  of  1802,  to  give  their  support  to  the  views,  then 
regarded  as  purely  fantastic,  which  Chladni  had  propounded  in  1794 
in  his  remarkable  memoir  Ueher  den  Ur sprung  der  von  Pallas  und 
anderer  ihr  dhnltcher  Eisenmassen,  The  new  view  had  in  fact  found 
little  favour  among  scientific  men,  especially  in  France,  and  De  Bour- 
nou  and  the  French  savant  Patrin  were  engaged  in  a  controversy 
on  the  subject  at  the  beginning  of  1803,  when  the  celebrated  fall  at 
L*Aigle,  of  from  two  to  three  thousand  stones,  took  place.  The  first 
news  which  reached  Paris  was  received  with  a  smile  of  incredulity  ; 
the  illustrious  Biot,  however,  was  deputed  by  the  Ministre  de  Vln- 
ierieur  to  proceed  to  L'Aigle  and  institute  a  full  inquiry,  which 
lasted  many  days  ;  and  his  exhaustive  report,  which  appeared  in  the 
Memoir es  de  la  classe  des  Sciences  math,  et  phys.  de  VInstitut  national 
de  France,  finally  set  the  question  at  rest,  and  established  the  fact 
that  the  stones  were  of  cosmical  origin,  and  the  truth  of  Chladni's 
theory. 

These  meteorites  were  analysed  by  Tlienard,  who  found  in  them 
silica,  iron  oxide,  magnesia,  nickel,  and  sulphur,  amounting  in  all  to 
108  per  cent. ;  and  afterwards  by  Fourcroy  and  Vauquelin,  who  de- 
tected the  presence  of  the  same  ingredients  and  linio  in  addition,  the 
total  amounting  to  104  per  cent.  The  excess  of  course  was  due  to 
the  fact  of  the  metal  present  as  such  in  the  meteorite  being  accounted 
oxide  in  their  calculation. 

In  consideration  of  the  past  historical  impoi'tance  of  this  fall,  it 
occurred  to  von  Baumhauer  to  submit  the  L'Aigle  meteorite  to  analy- 
sis by  the  new  and  elegant  methods  which  he  has  devised  and  em- 
ployed with  so  much  success  on  other  meteorites.  His  results  are 
given  below.  The  specific  gravity  of  the  stone  is  3*607,  and  the 
total  composition  is  as  follows  : — 

Nickel-iron     8*0 

Iron  sulphide 1'8 

Chromita 06 

OliTine    46  3 

Silicate  unacted  upon  by  acid  44-3 

Lime  sulphate trace 

10000 
After  the  removal  of  the  nickel-iron,  the  treatment  with  acid  and 
sodium  carbonate  brought  about  a  separation  of  the  varieties  of  sili- 
cates, which  had  the  following  composition  : — 

SiOj      FeO     MnO    Al^Oj  CaO     MgO     KjO  Na^O 

A.  Soluble  3616     3039     trace     018     616     2661     086     0*76     =  10000 

B,  Insoluble   ...   6716     12  66    trace    6*19    408     17*91    202    V01     = 
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The  osygen  ratios  of  acid  anil  bases  in  the  aolnble  part  18'6S :  19'S3 
■how  the  sUicals  which  gelatinised  mtli  acid  to  be  an  olivine,  re- 
BiM'kable,  it  should  be  obserrod,  for  the  amount  of  lime  it  containa. 

Von  Banmlmuer  gives  the  formula  f  *,      VSiOjaaan  expreteioD 

of  its  composition.  In  the  intfoluble  part  the  oiygen  ratio  of  acid 
and  bases  is  ^0-28  :  14-15,  and  here  the  presence  of  more  than  five 
per  cent,  of  alumina  points  to  the  probable  occurrence  of  a  felspar 
tn  this  portion  of  the  stone.  If  we  assume  that  the  iron  oxide,  magnesia, 
and  lime,' are  present  as  a  bronzite,  the  oxygen  ratios  of  tho  alumioii, 
alkaliea,  and  residual  silica,  differ  very  little  frotn  3:1:9,  or  tbose 
of  oligoclaae,  soda-lime  felspar,  in  some  varieties  of  which  a  con- 
siderable proportion  of  the  soJa  is  found  replaced  by  potash. 

1808.— Eted  Biver,  Texas.' 
As  Graham'  has  shon-n  that  the  Lenarto  meteoric  iron  contains 
2'85  times  its  volume  of  occluded  hydrogen,  carbonic  oxide,  and 
nitrogen,  and  Mallet  (see  page  28)  has  found  3'17  times  its  volume  of 
hydrogen,  carbonic  oxide,  carbonic  acid,  and  nitrogen  occluded  in  ths 
meteoric  iron  of  Augusta  Co.,  Virginia,  it  occurred  to  the  author  thai 
it  might  be  possible  to  detect  in  the  gas  of  these  irons  the  unknown 
gaseous  elements  assumed  to  be  present  in  the  solar  corona  and 

J  chromosphere.  The  investigation  was  imdertaken  with  the  hope 
that  the  spectroscope  would  reveal  thom,  if  present,  although  their 
small  amount  or  peculiar  characters  might  render  their  detection  by 
ordinary  chemical  methods  difficult  or  impossible. 

A  vacuum  tube  of  the  form  ordinarily  employed  in  spectroscopic 
work  was  attached  to  a  branch  of  the  eshaust  tube  of  a  Sprengel 
pump,  and  a  preliminary  examination  was  made  of  the  lines  exhibited 
by  this  tube  after  simple  withdrawal  of  the  air.  As  Pliicker  and 
Hittorf  have  already  shown,  lines  of  hydrogen  and  bands  due  to 
carbon  make  their  appearance  as  soon  as  the  limit  of  exhaustion  has 
been  attained ;  tlie  author  noticed  the  red  hydrogen  line  when  the 
tension  fell  to  4  or  5  mm.,  and  other  hydrogen  lines  when  a  higher 
degree  of  rarefaction  was  attained.  Mercury  lines,  varying  in  bright- 
ness witli  tho  temperature  of  the  room,  are  also  to  be  seen.  His  in- 
vestigations were  directed  to  an  examination  of  the  gases  of  the  great 
Texas  meteorite,  preserved  in  the  Mineral  Collection  of  Yale  Col- 
logo,  and  tho  meteoric  irons  of  Tazewell  Co,  and  Arva,  Hungaiy 
(which  sec).  The  iron  was  in  very  small  particles — chips  produced 
by  the  borer,  and  the  exhaustion  was  proceeded  with  vritbout  the 
application  of  heat.  He  noticed  that  the  iron  gave  off  a  portion  of 
its  gas  at  ordinary  temperatures  ;  and  when  the  tension  was  reduced  to 
4  mm.,  Ho  and  H^  were  bright  and  distinct,  and  H7  visible,  while 
tlio  carbon  bands  were  also  distinctly  seen.  Wien  a  gentle  heat  was 
applied,  the  tube,  which  bad  hitherto  presented  the  appearance  of  an 

'  Tlie  bron/ite  of  nariburg,  analysed  by  Streng,  contains  lime. 

'  A.  W.  Wright.     Amer.  Jour.  Sc.  1876,  JI.  294. 

s  T.  Grnhuni.     P,-of.  Jthyal  Sac,  iv.  3U2. 

'  J.  PJiitker  und  W.  HitUirf,    FMI.  Traniaeliam,  cW.  1. 
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ordinary  hydrogen  tabe,  underwent  m  change ;  the  light  in  the  broad 
portion  became  a  straight,  hazy  stream,  of  a  dall  greenish-white 
colour,  similar  to  that  obeerred  in  a  tnbe  containing  either  of  the 
oxides  of  carbon.  When  the  tnbe  containing  the  metal  was  raised 
to  low  redness,  only  a  small  quantity  of  gas  was  given  off.  Wright 
did  not  measure  the  amount  of  gas  removed  by  the  pump,  but  has 
calculated  this  quantity  from  an  observation  of  the  degree  to  whidi 
1  cc  of  the  gas  lowered  the  guage  of  the  instrument  He  finds  in 
this  way  the  mixed  gases  extracted  to  have  occupied  4-75  times  the 
volume  of  the  metaL  While  this  exceeds  the  quantity  which  Graham 
and  Mallet  noticed  in  their  investigations,  the  author  believes  that 
the  whole  amount  was  by  no  means  exhausted,  and  ascribes  the  excess 
to  the  fact  of  the  metal  which  he  used  having  been  in  a  fine  state  of 
division. 

1810.— Brahin,  Knak,  Bnsiia.' 

Two  large  meteoric  masses  were  found  at  Brahin  in  the  early  part 
of  this  century ;  the  dates  of  their  discovery  are  variously  given  as 
1810  and  1820,  and  they  were  first  described  in  1822.  They  bear 
the  closest  analogy  to  "  the  Pallas  iron  "  in  structure,  and  with  it 
belong  to  the  small  class  of  siderolites.  The  Brahin  iron  was  very 
imperfectly  examined  by  Laugier  in  1823,  who  confined  his  analysis 
to  that  of  the  iron.  Since  that  time  it  has  not  been  investigated 
except  in  one  respect  by  Rose,  who  a  few  years  ago  noticed  that  the 
olivine  was  traversed  by  canals,  as  the  Krasnojarsk  olivine  is  (see 
page  313,  note),  Bammelsberg,  who  has  recently  examined  this 
siderolite,  finds  the  metallic  portion  to  consist  of : 

Iron  «=  88*96;  Nickel  and  Cobalt  =  1104.     Total  =  100. 

During  the  half  century  which  has  elapsed  since  Laugier*s  time, 
new  and  refined  methods  of  analysis  have  been  devised,  and  Bam- 
melsberg now  finds  a  per-centage  of  nickel  and  cobalt  moro  than  four 
times  as  great  as  that  given  by  the  original  observer.  The  per-centage 
is  close  to  that  found  by  Berzelius  in  the  metallic  portion  of  the 
Krasnojarsk  siderolite  (11*19  per  cent)  ;  so  that  they  have  a  compo- 
sition closely  according  with  the  formula  Ni  Fe^. 

The  olivine,  now  analysed  for  the  first  time,  has  the  composition  : 

Silicic  acid    37*58 

Iron  (manganese)  protoxide       18*85 

uagnesia      ...     ...     .••     •••     •••    •••    •••    4o*o^ 

99*75 

These  numbers,  contrary  to  expectation,  do  not  agree  with  those 
resulting  from  the  analysis  of  the  Pallas  olivine  ;  above  we  have  Fe 
and  Mg  in  the  ratio  1:4;  in  the  Pallas  olivine  about  1:8.  It  is  not  a 
little  remarkable,  however,  that  the  Brahin  olivine  has  the  sanje  com- 
position as  that  of  the  Atacama  siderolite  analysed  by  Schmid,  the 
iron  whereof  has  been  shown  by  Bunsen  to  contain  Nickel  =:10'25, 
and  Cobalt  =  0*70  (see  page  77,  note), 

^  C.  Hammelfiberg.    Monatsber,  Ak,  JTiss,  Berlin^  1870,  lxx«  440. 
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1B12,  August  6th.— Cliantoimay.  Sup,  de  1&  Vendee,  France.' 

In  tho  winter  of  187iTschermat  published  a  paper  on  tlio  structure 
of  the  ueteorites  of  OrvinJo  (see  page  222)  and  Chantonnay,  whidi 
appear  to  Lave  many  characters  In  coDimon.  Sections  of  ttie  latter 
stone,  three  drawir^  of  which  are  given  in  his  paper,  show  it  to  be 
made  up  of  ohondritic  fragments,  covered  with  a  dorfc-coloured  crust, 
and  cemented  together  with  a  black  and  in  places  aemi-Titreous 
material.  The  fragments  are  not  very  abundantly  provided  with 
spherules,  altliongh  large  ones  are  here  and  there  met  with.  It 
diflcrs  from  the  chrondrite  of  the  Orvinio  meteorite  in  containing  less 
iron  ;  a  section  shows  olivine,  bronzite,  a  finely  fibrous  translucent 
mineral,  as  well  as  nickel-iron  and  magnetic  pyrites;  the  presence 
of  chroinite  was  not  recognized.  Fine  block  veins  of  a  mineral 
traverse  the  fra^ents  here  and  there,  and  are  connected  with  the 
cementing  material.  Similar  veins  are  noticed  in  the  meteorites  of 
Liasa.  Kakowa,  Chateau  Renard,  Alessandria,  and  Pultusk  ;  and  in 
the  LisFia  and  Kakowa  stones  they  present  tho  appearance  as  if  the 
meteorite  had  originally  come  in  oontaot  with  a  molten  material 
which  had  been  injected  into  the  clefts  af  its  surface.  Beichonboeh 
was  of  opinion  that  the  black  veins  were  directly  and  intimately  con- 
nected with  the  fused  surface ;  his  view,  however,  is  open  to 
question,  from  the  faot  that  the  interior  of  a  meteorite  baa  usually  s 
low  tempemturo  when  it  reaches  tho  earth's  Biirface.  Moreover,  in 
the  case  of  the  Chantonnay  stone,  clefts  are  to  be  met  with  into 
which  the  black  matter  of  the  crust  has  penetrated  to  a  depth  of  6 
mm.  only,  although  the  cleft  remains  partly  open.  The  black  serai- 
vitreous  magina  consists  of  an  entirely  opaque  mass,  enclosing  flakes 
of  the  silicate,  which  forms  the  fragments,  as  well  as  occasional 
spherules. 

Although  Bammelsberg,  who  analysed  this  stone,  does  not  describe 
the  physical  characfers  of  the  material  he  operated  on,  and  did  not 
separately  examine  the  fragments  and  the  cementing  material,  as 
Tschermak  has  done  in  his  examination  of  the  Orvinio  meteorite,  to 
find  that  the  two  constituents  have  much  the  same  composition, 
Tscherinak  points  out  that  the  two  meteorites  have  a  very  similar 
constitution,  differing  mainly  in  the  proportion  of  iron.  The 
characters  observed  in  these  two  meteorites  point  to  the  conclusion 
that  they  did  not  originally  possess  their  present  constitution,  but 
that  to  the  disintegration  of  a  solid  rock-mass  and  its  subsequent 
cementation  with  a  semi-vitreous  magma  their  present  appearance 
is  due.  Although  they  resemble  somewhat  the  eruptive  breccias, 
they  differ  {torn  them  in  that  the  meteoric  cementing  material  is  less 
homogeneous,  and  encloses  fine  flakes  of  the  rock  itself.  The  Chan- 
tonnay stone  exhibits  the  line  texture  observed  in  some  metamorphosed 
breccias.  The  two  stones  convey  to  us  evidence  of  changes  which 
must  have  occurred  on  tho  solid  surface  of  some  planet  that  was 
subsequently  reduced  to  fragments. 

'  «.  Techenuak.    Sinbir.  Ak.  Witi.  Wim,  lu.  Kovember  Heft,  1874. 
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1818,  September  IOOl— Adare,  ete.,  Co.  Limeriek,  Lrelaiid.' 


This  meteorite,  originally  investigated  by  J.  Apjohn,'  has  been  ex- 
amined by  B.  Apjobn,  who  finds  that  it  contains  a  trace  of  vana- 
dinm.  llie  date  which  he  assigns  to  the  Ml  of  this  stone,  1810, 
appears  to  be  that  of  another  Irish  meteorite,  which  fell  at  Moores- 
fort,  Tipperary.     The  nickel-iron  has  the  composition  : 

Iioii:=85*120;Nickel=14*276;  Cobdt:=0-602;  Fho^horiu:=  Trace;    =99-997 
and  the  result  of  the  treatment  with  acid  : 

SiO,  AljO,  FeO  MnO  CaO  MgO  Xa,0  K,0  PA 

A.  8oiuU0 42-91  2-35  16-93  6*26  5-34  24*32  0-29  0-02  s  98*42 

B.  JmoMU  ...  59-48  324    7  94  8*84  4-62  1317  1*86  030  trace  ^  99*45 

The  mineralogical  composition  of  the  stone  is  stated  to  be : 

Nickel-iron  ^ 19-07 

Chromite      ...     ... 1-75 

Magnetic  pyrites 6-54 

Soluble  siUcate    35-44 

Insolnble  silicate 37-07 


99-87 
The  chrominm  oxide  present  as  chromite  is  not  mentioned  at  all 
in  the  above  analysis.  The  iron  sulphide  is  probably  present  as 
troilite  (iron  monosnlphide),  as  according  to  the  older  analysis 
the  greater  part  of  the  sulphur  is  in  the  part  which  is  not  attracted 
by  the  magnet  There  the  ratio  is  given  as  Fe  =  3-92,  S  =  2*04  ; 
the  per-centages  for  troilite,  using  the  sulphur  as  the  basis  for  the 
calculation,  would  be  Fe  =  3-57,  S  =  2*04 ;  and  for  magnetic 
pyrites  Fe  =  3-12,  S  =  2-04. 

In  an  obliging  letter  received  from  the  author  he  informs  me  that 
the  amount  of  vanadium  present  was  too  small  to  allow  of  a  quanti- 
tative estimation  being  made.  He  believes  that  in  amount  it  is  about 
one-half  that  met  with  in  the  trap-rocks  of  Ireland  and  Italy,  which 
have  recently  been  examined  by  him.  He  is  inclined  to  the  belief 
that  the  vanadium  is  present  as  an  oxide  associated  with  the  chromite, 
"  for  we  know  vanadium  occurs  in  terrestrial  chrome  iron  in  compara- 
tively large  quantities." 

1814. — ^Lenarto,  near  Bartfeld,  Saros,  Hungary .' 

Boussingault,  who  some  time  since  found  nitrogen  in  this  iron,  has 
recently  examined  it  with  the  view  of  determining  whether  it  con- 
tains carbon  in  a  state  of  combination  with  the  metal.  His  analysis, 
given  below,  did  not  detect  the  presence  of  that  element  in  any  form. 

Iron  =  91-50;  Nickel  =  8'58;  Insol.  Residue  =  0-30 ;  Copper=trace.   Total  =  100-38. 

It  was  in  this  meteoric  iron,  it  will  be  remembered,  that  Graham 
made  the  interesting  discovery  of  the  presence  of  hydrogen  condensed 

'  R.  Apjohn.     Jour.  Chem.  Soc.  [2],  xii.  104. 

*  J.  Apjohn.    Tram.  Irish  Acad.y  xviii,  17. 

•  J.  Boussingault.  Compt.  rend.  Ixxiv.  1^87.  Ann.  Chim.  et  Phys.  xxviii.  124. 
ChemUal  News,  No.  688,  59. -M.  Salet,  Revue  Seienti/que,  1872,  March  9th.  The 
Academy f  iii.  113. 
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(ocdtuJed")  in  ibe  HiibaUiice  of  the  metal.  Tho  gaa  obtained  from  (liii 
iron  has  been  einmined  apectrOBcopioally  bj  Salet,  who  oomiDmii- 
cated  bis  results  to  tlia  SociiU  ehimiqae  de  Paris  on  the  let  Marcli. 
1872.  His  rcBoarcliea  on  tbe  polar  auroi-ao  hw\  led  bim  to  eoet  for 
tho  yellowish -green  ray  (\=5-57),  hot  he  fonnd  only  thoae  duo  In 
the  presence  of  hydrogen  nnd  an  oxide  of  carbon.  It  must  be  as- 
sumed then  Ibftt  the  carbon  present  in  the  iron,  and  which  mnst  be 
Tery  small  in  quantity,  exists  there  not  as  carbide  of  irOD,  bat  aa  oc- 
cluded carbonic  oxide. 

1628.— La  Caille,  near  Onuie,  Alpes-Uaritbnea  (formerl;  D^  dn 
Var),  France.' 

Meunier  has  submitted  the  Caille  iron  to  an  oxhaastive  exaxaisaiioT]. 
He  finds,  when  etched,  that  it  presents  much  the  eaine  appearances 
OB  he  noticed  in  the  Charcas  iron  (see  page  320)  ;  it  consists  of  kams- 
&ia  (chamaKile;  E.S.  Dana's  "Second  Appendix  to  Dana's  6'y«(eni  u/ 
Mineralogy,"  11}  and  tanite  in  much  the  same  proportions.  Tbe 
tiinite  has  a  specific  gravity  of  7-380  (von  Eeicbenbach  in  another 
meteoric  iron  found  the  number  7-428)  and  tbe  composition  : — 

=     990. 

=.   100-U.  H 

numbers  which  inilicato  the  fomnila  TejU^i.  ^^ 

Tbe  kamacite  has  the  specific  gravity  7-652,  and  consists  of : 
Iron  =  91-9;        Nickel  =  7-0.         Total  =  SS-9. 
which  is  an  alloy  of  the  formula  FcNi.     The  entire  iron  appears  to 
contain  about  80  per  cent,  of  the  latter  alloy,  and  Aieunier's  numbers 
correspond  very  cloHoly  with  those  obtained  by  Rivot,  who  analysed 
the  metal  in  the  bulk. 

The  graphite  of  this  iron,  found  in  the  residue  after  treating  tbe 
metal  with  hydrochloric  acid,  lias  a  density  of  1-715,  and  the  compo- 
sition : 

Cu-boo  =  B7-3 ;        Iron  =  2-4 ;         Nickel  =  trace.         Total  =  99-7. 

The  troilite  of  the  Caille  iron,  after  treatment  with  acid,  left  a  small 
amount  of  siliceous  residue,  which  was  precisely  similar  in  its  physical 
characters  to  that  found  in  theCliarcaa  meteorite  (see  page  319).  By 
the  action  of  heat  and  oxidizing  agents  figures  were  developed  which 
likewise  bore  tiie  closest  resemblance  to  those  developed  on  tbe 
Charcas  iron.  The  accompanying  woodcut  gives  a  representation  of 
a  block  of  this  iron  (actual  size)  which  is  in  tho  Paris  Collection. 
It  shows  the  Widmannstiittian  figures,  developed  by  etching  with 
hydrochloric  acid,  and  the  reniform  hollows  which  have  been  filled 
with  troilite. 


J,   BoQssiiigault.     Compt.  rend.  IzxiT.  1287-    Aitn.  Chim.  et  Fhi/i.  nviiL  1. 
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In  an  examination  of  this  iron,  undertaken  witli  the  view  of  deter- 
mining the  presence  of  combined  carbon,  BooBBingaDlt  found  it  to  be 
oompooedof: —  I.  II. 

Iron..., 89-S3  89-73 

ITickel »-r«  9-90 

Cu-ben  combined   O-W  0-13 

laaolatde  portion    ...„ _ O-fiB  0'2i 

Solphiu  trtM  traM 

IDO'OO  100-00 

1828,  June  4tlL— Bichmond,  Clietterfield  Co.,  Virg:inu.> 
This  meteorite,  the  chemical  cfaaractera  of  vhich  were  stuilieil  1>y 
Sbepanl,  the    physical  by  G.   Rose,    has  recently  been  found  by 
Rammelsberg  to  have  the  following  contpositioa : 

Xiciel-inra   8-22 

Iron  Sulphide 4-37 

Olirine    15-73 

ITndecomposed  Silicate 4168 

100-00 
The  silicates  having  been  separated  by  treatment  with  acid  and 
■odium  carbonate  were  found  on  analysis  to  have  the  composition 
giTen  below : 

8iO,  AliO,  FeO  MgO  CaO 

A.  8a»tU.    39-40  —  18-21  41-69  080  «   100-00 

B.I«ti>liMi.6Z-H  632  1317  22-23  £-$4   =  100-00 

Id  the  soluble  portion  the  ratio  of  Fe  to  Mg  ie  1  :  4,  which  shows 
it  to  be  an  olivine  identical  in  compoeition  with  Ihnt  variety  of  this 
mineral  which  has  been  met  with  in  the  siderolitcs  of  Bruhin  and 
Atacama.  The  insoluble  portion,  according  to  Ramuielsbcrg,  is  eitlier 
a  brouzite  containing  lime,  or  a  mixture  of  that  luiiieral  with  dioiiaiiW. 
Shepard  had  found  this  meteorite  to  be  coniposod  of  6  per  cent  of 
nickel-iron,  with  some  magnetic  pyrites,  and  90  per  cent,  of  olivine, 
the  leaidue  being  howardite  and  linte  pLusphate. 
1839,  Jnly  31at,  or  Aoguit  lit.  —Charlotte,  Dickson  Co.,  Tennesiee.' 
The  iron,  which  is  found  disBcminated  in  email  particles  through- 
ont  the  mass  of  many  meteoric  stones,  reprcecuta  in  miniature  tlio 

>  C.  Rammrkbe^.     MBiiatiher.  Ak.  ITia.  Btrliti,  1870,  In.  440. 
*  J.  L.  Smith.    Compl.  nod.,  1874,  Uui.  84. 

itncADi  u. — yoh.  ts. — no,  nil.  1\ 
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huge  tjlocks  of  meteoric  iron  tbat  from  time  to  time  hare  been  met 
with  on  many  parts  of  the  oartt'a  surFace,  the  record  of  the  full  of 
which  is  unknown,  their  ileacent  having  probably  taken  place  at  an 
epoch  long  anterior  to  that  of  their  iliscovery.  Wliilo  the  stones 
enclosing  iron  have  not  unfrequently  been  seen  to  fall,  the  descent nf 
purely  metallic  masEies  haa  been  rarely  witneseed,  At  present  we 
know  of  only  the  following  few  aulhontic  cases:  Agram  (17''tl); 
Braunau  (1847);  Victoria  Weal,  3.  Africa  (18G21;  and  Nidigullam. 
Madras  (1870).  To  these  few  instances  is  to  be  added  the  one  bead- 
ing this  notice,  of  which  a  brief  account  was  published  by  Trooat, 
of  Nashville,  in  1845.'  ITie  Tennessee  iron  fell  from  a  oloodlew 
sky,  near  several  persons  who  were  working  in  the  fields,  A  horao 
which  was  harnessed  (o  a  plough  close  by  took  fright,  and  rau 
round  the  field,  dragging  the  plongb  with  it. 

Tlie  iron  has  remained  in  the  Troost  Collection  up  to  the  present 
time,  when  it  passed  into  the  bands  of  Dr.  Lawrence  Smith.  It  is  a 
reaiform  mass,  and  has  a  bright  surface  like  tbat  of  soft  cast- 
iron.  When  etched  it  exhibits  Widmannsfattiaa  figures  iu  great 
perfection,  and  the  author  states  that  in  this  respect  he  is  acquidated 
with  only  three  or  four  irons  which  rival  it.  An  illustration  ac- 
companying bis  paper,  closely  resembling  the  one  given  by  Troost, 
is  a  represeatation  of  the  outer  surface,  magnified ;  this  is  elaborately 
reticulated,  edgee  of  thin  laminoe  of  metal,  inclined  ataJigleaof  l>0°  j 
traversing  the  surface,  the  edges  being  separated  from  each  other  by 
nn  iipparcnlly  senii-fiiscd  Rhig-lilie  mjitcrial.  The  si>ei^ific  sriivity  of 
the  iron  is  7-717,  and  its  composition  : 

rr(in  =  9M5;  Nickel  =  8(H;  Cobalt  =  0-72;  Copper  =  006.     Total  =  99-94. 

Sulphur  is  not  present,  and  of  phosphorus  only  a  trace  was 
recognized ;  and  the  author  states  tbat  he  has  never  before  met  with 
so  small  a  proportion  of  this  element  in  a  meteoric  iron.  Ttie  gas, 
extracted  from  this  iron  by  A.  W.  Wright,  who  has  recently  examined 
the  occluded  gases  of  the  irons  of  Texas,  Arva,  and  Taaewell  Co-, 
as  well  as  that  of  the  meteorite  of  West  Liberty,  Iowa  (which  see), 
has  nearly  twice  the  volume  of  the  metal  operated  npon,  although 
this  is  probably  a  portion  only  of  that  actually  present.  It  is  com- 
posed of : 
Hydrogen  =  7 104;  Cflrljonic  oiidc=1603;  Carbonic  acid  =  13'03.     Total  =  1 0000. 

A  question  of  no  slight  interest  in  regard  to  the  changes  which 
meteoric  irons  undergo  during  their  passage  through  the  atnioapbere 
is  whether  tlieir  surface  becomes  fused.  From  his  study  of  the 
Tennessee  meteorite,  Dr.  Smith  has  decided  it  in  the  negative-  Tlie 
fact  of  the  delicate  reticulated  surface  having  been  preserved  is  a 
proof  that  the  heat,  instead  of  having  been  raised  to  a  high  tempera- 
ture on  the  surface,  has  qiiickly  been  conducted  away  into  the  mass 
of  the  mela!.  Had  fusion  of  the  superficial  layer  taken  place,  the 
meteorite  would  have  Iwcn  coated  with  molten  oxide. 

The  author  finds  in  this  fact  a  confirmation  of  bis  theory  tbat  the 
Ovifak  masses  arc  not  of  meteoric  origin. 

■  G,  Tioost.    Amn.  Jour.  Sc,  ilii.  336. 
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18S8,  July  SSnd.— Mbntiinvlt^  Sep.  Lair-etoaier,  Fnuiee.' 

Danbree  gives  m  brief  description  of  this  meteorite,  which  has 
«ntly  been  aoqoired  for  the  Paris  Collection*  It  has  been  pre- 
"ved  almost  entire,  and  is  rooghlj  shaped  like  a  three-sided 
ramid.  It  is  finelj  granolar,  has  a  white  colour,  and  weighs  510 
immes.  The  ground-mass  of  the  stone,  consisting  apparently  of 
intimate  mixture  of  olivine  with  an  augitic  mineral,  encloses  small 
uns  of  nickel-iron  aud  magnetic  pyrites.  The  meteorite  belongs  to 
)  group,  now  a  large  one,  of  meteorites  to  which  the  name  luceite 
s  been  given. 

1840. — ManifiBi,  Arrm,  Huagmry.' 

For  his  investigation  by  means  of  the  spectroscope  of  the  gases 
i^lnded  by  meteoric  iron,  Wright  examined  those  from  the  Red  River, 
ixas,  and  Tazewell  Co.,  Tennessee  (which  see). 
The  amount  of  carbon  present  in  the  former  iron  was  found  on 
emical  examination  to  be  very  small ;  in  the  latter  none  was 
tected.  A  series  of  experiments  were  therefore  made  with  the 
ove  iron,  which  acoordiug  to  Lowe '  contains  a  larger  amount  of 
rbon.  While  it  was  an  easy  task  to  remove  fragments  of  the  above- 
mtioned  irons,  great  difficulties  were  experienced  in  the  present  case, 
B  metal  having  nearly  the  hardness  of  steel.  When  the  tube  contain- 
g  fragments  of  this  iron  was  exhausted,  and  before  heat  was  applieil 
it,  the  spectroscope  indicated  the  presence  in  the  "  vacuum-tube  " 
both  hydrogen  and  carbon  gases ;  the  lines  of  the  former  element 
3re  very  brilliant,  and  the  first,  second,  and  third  bands  of  the  latter, 
unting  from  the  red  end,  were  visible.  The  application  of  a  heat 
rdly  sufficient  to  pain  the  hand  caused  an  entire  change  in  the  ap- 
arance  of  the  vacuum-tube ;  the  broad  part  took  a  greenish  hue,  while 
the  spectroscope  the  carbon  bands  shone  quite  brightly.  When 
e  heat  was  raised  to  a  temperature  considerably  short  of  redness, 
e  only  change  noticed  in  the  spectrum  was  a  greater  intensity  of 
e  carbon  bands ;  the  gas  collected  at  this  stage  of  the  operation  was 
and  on  analysis  to  consist  of  hydrogen,  carbonic  oxide,  and  carbonic 
id,  the  latter  amounting  to  three  or  four  per  cent. 
In  some  experiments  on  artificial  soft  iron  the  author  obtained  a 
•ectrum  in  every  way  similar  to  that  of  the  meteoric  metals ;  the 
'drogen  lines,  however,  did  not  appear  so  early,  nor  were  they  so 
ight  as  in  the  latter  instances. 

The  iron  of  this  meteorite,  which  by  its  great  hardness  was 
parated  in  the  state  of  fine  powder,  yielded,  when  heated  at  dif- 
rent  temperatures  up  to  low  redness,  44  times  its  volume  of  gas. 
'bile  it  seems  not  improbable  that  some  portion  of  what  has  been 
garded  as  occluded  gas  may  have  been  air,  the  yield  is  so  unusually 
rge  that  it  suggests  the  question.  May  not  the  more  perfect  removal 

»  G.  A.  Daubr^e.     Compt.  rend.  1873,  10th  Feb.     Bet  Xatutforschery  1873,  26th 

ml. 

»  A.  W.  Wright.     Amer.  Jour.  Se.  1876,  ix.  294. 

2  A.  Liiwe.     Amer.  Jour,  Sc.  [2J,  yjii.  439, 
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of  tho  gas  fi-om  ihe  iron  be  da©  to  the  fine  elate  of  dtviBion  of  llie 
metal  operat«d  upon  ?  In  the  case  of  the  Texas  and  Tazewell  irons,  j 
vhere  the  yield  of  gae  exceeded  that  obtained  from  the  Lenarto  and  ! 
Augusta  Co.  iroas,  the  metal  was  in  very  small  piecee,  which  would  '. 
favour  a  more  rapid  and  complete  evolution  of  the  gas ;  in  the  last-  '. 
mentioned  instances  they  were  «n  hloc  Tlat  iron  may  under  certain  ' 
conditions,  as  wheu  deposit«<1  by  electrolysis,  take  up  nearly  two 
hundred  and  fifty  times  its  volume,  has  been  shown  by  the  recent  re-  ' 
searches  of  Cailletet~'  An  observation  recently  mode  has  a  bearing; 
on  this  question.  While  analysing  a  Bpeoimen  of  silver  amalgam,  I  \ 
endeavoured  to  remove  the  mercury  from  a  weighed  Augment  of  the  . 
mineral  by  beating  the  speoimen  in  a  bard  glass  tube,  during  more  than 
five  minutes  in  the  flame  of  the  table  blowpipe.  The  silver  imme- 
diately fused  and  remained  during  that  time  in  a  molten  state.  Wlien 
cold,  the  globule  of  metal  was  flattened  into  a  platfi,  and  haring  cut 
it  into  strips,  and  subjected  it  to  ft  second  beating,  I  suooeaded  in  re-  i 
tnoving  a  considerable  part  of  a  per  oonL  of  mercury  from  it.  | 

Wright's  researcfaes  ou  the  gases  of  meteoric  irons  have  shown  a 
varying  character  in  the  oxygen  and  nitrogen  lines  when  in  tlie  ' 
presence  of  hydrogen,  and  the  near  coincidence  of  two  of  tlicm  with 
promiuont  lines  in  the  corona,  with  the  possible  coincidence  of  <( 
third  line,  whidi  appears  to  indicate  that  the  cbaracteristio  lines  in 
the  coronal  spectrum  are  due,  not  so  mooh  to  the  presence  of  othnrwiae 
unknown  elements,  as  to  hydrogen,  and  the  atmospheric  gases  oxygen 
and  nitrogen. 

Tlie  observations  "'ere  iimde  vntb  n.  spectroscope  of  six  prisma 
with  a  repeating  prism,  giving  the  dispersion  of  twelve  in  all. 

iTo  he  continued  it,  our  next  Kumber.J 


VI. — On  the  Occurbencb  of  Neogoui.^n  Sands  with  Phospbatic    1 
Nodules  at  Bbiokhill,  Bedfoboshibi. 

By  Walteb  K  be  PINO, 
{Of  Iho  ■Woodwardian  Mustum),  Cliriat's  College,  Cambridge. 

IN  a  traverse  through  part  of  Buckinghamshire  and  Bedfordshire 
last  vacation,  with  the  object  of  tracing  the  extent  of  the  Caro- 
bridge  Greensand,  I  was  informed  of  some  recently  opened  Coprolite 
works  at  Briekbill,  near  Bletobley.  On  further  inquiry,  tbey  proved 
to  be  the  "  red  coprolites,"  a  term  applied  by  the  workmen  to  tlie 
phoBphalic  nodules  of  the  Neocomian  like  those  of  Potton  and  Upwaro 
(the  Cambridge  Qreensand  and  Gault  nodules  being  known  as 
the  "  black  coprolites  "). 

The  workings  are  seen  on  a  hill  near  Qreat  Brickhill,  which  is 
about  three  miles  from  Bletchley  Junction,  and  the  section  exposed  is 
about  thirty  feet  deep.  The  deposit  is  a  rather  coarse  sand  throughout, 
composed  of  grains  of  quartz,  lydian  stone,  and  comminuted  shells. 

>  L.  Cflillelet.    V  Initiiul,  Nouv.  Sir.  iii.  44. 
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Bomeiimes  hardened  by  iron  oxide  or  calcium  carbonate ;  the  former 
along  lines  of  oblique  lamination,  the  latter  usually  in  irregular 
masses,  which  are  rejected  as  useless.  As  I  saw  it,  the  lower  ten 
feet  was  of  a  dull  greenish  or  grey  colour,  passing  in  an  irregular 
manner  into  the  redder  portions  above;  but  there  is  no  definite 
divisional  line  separating  the  two,  the  difiference  in  colour  being 
probably  due  to  the  oxidation  of  the  iron  in  the  more  superficial  part. 

As  at  Potton,  these  sands  repose  upon  the  Oxford-clay,  the  Oryphea 
dilataia  being  abundant  in  the  clay  beneath. 

Unlike  any  other  coprolite  working  known  to  me,  there  is  no  "  seam  " 
here,  but  the  phosphatic  nodules  are  scattered  through  the  entire 
thickness  of  the  section,^  and  they  are  separated  by  sifting  the  whole 
of  the  thirty  feet  of  sands,  except  where  they  are  too  much  hardened 
by  cementing  substances.  Thus  separated,  the  coprolites  are  washed 
in  revolving  perforated  cylinders,  and  any  pebbles  of  quartz,  chert, 
lydian  stone,  etc.,  are  picked  out  when  the  material  is  ready  for 
grinding.  The  whole  process  is  the  same  as  that  carried  on  at  Potton 
in  Bedfordshire  and  Up  ware  near  Cambridge. 

From  Palaeontological  evidence,  we  have  long  believed  the  Upware 
deposit  (which  has  already  been  described  in  the  pages  of  this  Maoa- 
zibtb')  to  be  the  representative  of,  if  not  continuous  with,  tlie 
Farringdon  Sponge-bed.  Now  Brickhill  is  nearly  equally  distant 
from  Upware  and  Farringdon;  here  then  is  the  spot  to  settle  the 
question  of  their  relation. 

The  phosphatic  nodules  of  Upware  occur  in  the  Neocomian  Sands 
in  three  seams,  which  are  irregular  and  sometimes  run  together,^ 
and  in  the  Rushmoor  Brickyard,*  a  few  miles  from  Brickhill,  the 
"  coprolites  "  may  be  seen  similarly  collected  into  a  bed  from  four  to 
seven  feet  thick,  resting  on  the  Oxford-day.  At  Farringdon  copro- 
lites are  found  scattered  through  the  sands,  especially  towards  the 
base. 

But  few  fossils  are  to  be  seen  among  the  prepared  coprolites,  and 
these  are  mostly  phosphatised  casts  in  a  much  worn  condition,  so  that 
a  glance  at  the  heap  would  lead  one  to  observe  with  the  Itev.  P.  B. 
Brodie,*  when  speaking  of  the  Potton  bed,  that  "every  organism  in  this 
phosphatic  bed  is  evidently  extraneous."  Ammonites  biplex  is  always 
the  conspicuous  fossil  in  this  condition,  together  with  Cardium 
striattdum,  ArcGy  and  Myacttea,  all  of  which  I  found  at  Brickhill. 

But  on  breaking  open  the  hard  masses  cemented  by  the  carbonate 
of  lime,  and  also  in  a  small  patch  of  the  section  where  calcareous 
matter  remained,  the  natives  of  the  bed  were  themselves  found,  still 
with  their  shells  well  preserved,  and  in  general  appearance  closely 
resembling  those  of  Upware.     The  following  is  a  list  of  them.® 

*  In  the  lower  part  they  are  more  mimermis  and  blacker. 

*  J.  F.  Walker,  Geol.  Mao.  1867,  Vol.  IV.  p.  309. 
5  Walker,  op.  cit.  p.  310. 

*  I  was  informed  tnat  about  fonr  years  ago  they  bored  for  coal  in  this  yard  ! 

*  Geol.  Mao.  1 866,  Vol.  III.  p.  'l53. 

*  Mr.  J.  F  Walker  has  kindly  examined  and  confirmed  my  identifications  of  those 
i^pwies  described  by  him  in  the  Geol.  Mao.  Vol.  IV.  p.  454  •,  VoV.  V.  "^.  "i^"^. 
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Tliose  marked  U,  are  known  to  occur  at  Ppware,  near  Cambridge ; 
r,  at  Farringdoo. 

TtitbratHia  prahnga  (Sow.),  D,  F. 
„        deprttta  (I.sm.),  U,  F. 

„         iloHloniaaa  (d'Orb.),  C,  P,  btqaU  ud  Htnated  r: 
„         micr-atrma  (Volker),  U. 
,,         uUa,  var.  Tornaicntit  (d'Aich.],  U,  1 


S«/»y.fWiilker).D. 
Waldhtimit  Wmilytii  (Walbsr),  TOr.  tlUpliet,  C, 

„         pmutnimtniii '  (Leym.),  U,  F. 
TerAi-atMa  MoMa  (Sow.),  Y. 
TirebratHlina  Unata  (WBbl.),  tw.  tlongala  (DtT.)-' 
Jthj/nelmneUa  OanlabrUigitma  (Dav.),  U. 

„  VpvartHiii  (Dar.),  U. 

eHlHtifMSM,  (Buv,),  U,  K. 

„  i/ijiiMjo  (Bow.),i:.  F. 

„  Jatluina  (Sqw.).  F, 

Oj<r*j  macrvptera  (8owJ,  II,  F. 
Zixu  Am'>v<<°'>»'>'  (BbttTpe),  F. 

Dupiniana  (d'  Orb),  (?). 


ited  rsnstj.   ^^^^H 


CVrfflnt  FarriHgdaHfiuu  (Wnglit),  P  F. 

This  Hat  is  extremely  iutereBting.  as  being  intermediate  betw&en 
the  two  remarkable  and  isolated  faunas  of  Upware  and  Fnrringdon  :' 
for  of  tbe  twenty  specica  enmneroled,  uo  less  tlian  fourteen  are 
oommon  to  TJpwai-e,  twelve  occur  at  Farrisgdon.  and  seveii  are  found 
iit  all  tbrae  looalitiea.  Terehralula  mierolrema,  T.  Seeleyi,  Waldkeimia 
Waaklyni,  Sh^aehonella  Cunlabrid^iengig,  and  B.  Upiearauis  were 
Litlierlo  unknown  out  of  llie  Upwitro  di.-i>i>sit. 

It  may  bo  found  necessary  to  separate  tUe  specimens  which  I  have 
named  T.  Jfoutouiana  as  a  variety  of  tliat  species,  differing  as  it 
does  from  tbe  type  in  being  smaller  and  distinctly  striated.'  We 
may  call  it  Terebratala  Moutoiu'ana,  var.  Brickhilleitais. 

It  is  conspicuous  that  tlie  ai>ongcs  bo  remarkably  developed  at 
U[)ware  and  Farringdon  are  absent  from  tliia  list;  this  is,  I  think. 
accounted  for  by  the  want  of  calcium  carliunate,  such  as  might  bavi.> 
Iwen  supplied  by  the  Coral-rag  of  Farringdon  and  tbe  Coral-reef  of 
Upware.  In  the  sanda  of  both  these  localities  fragments  of  the  Conil 
Limestone  are  abundant;  and  I  observed,  when  the  fine  aeries  from 
Upware  was  being  collected  for  the  Woodwardian  Museum,  that 
nearly  all  the  Fpoiiges  wore  found  close  to  the  Coral-reef.  Lately. 
since  the  workings  have  been  removed  only  200  or  300  yardo 
further  off,  where  the  bed  rests  on  the  Kimme ridge- clay,  sponge:^ 
occur  but  rarely.' 

The   coprolites   at   Drickhill   are   of  the  same  type  as  those  of 

'  Mr.  TViLllicr  informs  me  thut  thia  epfcics  bas  lately  been  also  met  with  »t 
Folkcstnne. 

'  1  um  indebted  l«  Mr.  Davidson  for  tins  identification.  Heiufunns  methat  "  tli>- 
name  vurivh  occure  in  tbe  Bargale  atone  (t'lHicr  Neoconiian)  of  QuiJdford  and 
Godnlining  in  Susepj." 

'  I  hopt  to  be  able  to  add  to  this  liat  as  the  workings  go  on,  the  result  of  whirli 
maj- prove  worthy  of  another  communication  to  thia  Maoazihb. 

*  Faint  atriir  have  been  obsened  on  some  of  the  Upware  specimelB.  See  Mr.  J. 
F.  Walker's  article  in  Geol.  Mag.  1868,  Vol.  V.  p.  403,  Plates  XVIH.  and  XIX. 

'  >f)'  father  has  eiuce  obtained  for  tbe  Woodwardian  Museum  a  few  aponges  from 
Brickh'dl. 
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Upware  and  Potion,  viz.  the  light  yellow  varying  to  dark  brown, 
almost  to  the  black  type,  much  worn  before  they  reach  the  mill,^  and 
perforated  by  lithophagous  mollusca  and  annelids.  They  contain  (at 
Pot  ton)  about  48*51  per  cent  of  phosphate  of  lime.* 

In  conclusion,  I  may  remark  on  the  wide  distribution  of  these 
Neocomian  "  coprolites."  They  occur  at  Farringdon,  Brickhill, 
Hushmoor,  Potton,  Upware,  and  I  have  lately  found  them  in  the 
Upper  Neocomian  Sands  of  Lincolnshire.  In  all  these  places  they 
are  of  the  same  type,  much  worn  and  drilled,  and  abounding  with 
Ammonites  biplex  and  other  Eimmeridge-clay  forms.  This  fact  of 
the  Eimmeridge-clay  origin  of  so  many  of  these  ''  coprolites  *'  is  of 
importance  in  considering  the  origin  of  the  phosphatic  matter ;  for 
since  we  do  not  find  the  fossils  in  this  phosphatised  condition 
abundantly  in  the  Eimmeridge-clay,  while  they  are  invariably  so 
over  a  wide  extent  of  country  as  derivative  fossils  in  the  Neocomian, 
we  may  infer  that  the  phosphate  was  obtained  in  the  latter  period ; 
in  other  words,  as  suggested  by  Mr.  Walker,'  that  the  coprolites  are 
nodules  derived  from  the  Eimmeridge-clay,  which  have  been 
**  soaked  "  with  phosphates  obtained  by  the  decomposition  of  animal 
and  vegetable  matter  in  a  shallow  sea,^  with,  perhaps,  some  replace- 
ment of  the  phosphate  of  lime  for  carbonate  of  lime. 

I  may  observe  also  that  at  Potton  fossils  in  this  eroded  condition 
occur  of  the  Portland  and  Wealden  ages — notably  the  Endogenites 
erosus  of  the  Weald — indicating,  as  I  believe,  the  former  extension  of 
these  deposits  near,  if  not  quite  up,  to  this  locality.*  Further  north, 
at  Upware,  Endogenites  erosa  has  not,  to  my  knowledge,  been 
found,  and  the  Dinosaurian  remains  are  much  less  frequent;  so 
that  the  northern  limit  of  the  Wealden  may  reasonably  be  fixed  at 
some  place  not  far  from  Potton.' 


I. — ^The  Past  and  Future  of  Geology.  An  Inaugural  Lecture  given 
by  Joseph  Pbestwioh,  M.A.,  F.K.S.,  F.G.S.,  etc.,  Professor  of 
Geology  in  the  University  of  Oxford,  January  29,  1875.  pp.  48, 
with  four  illustrations.     (London :  Macmillans.) 

MR.   PKESTWICH,  after  paying  a  just  compliment  to  Oxford 
by  noting  how  much  the  infancy  of  modem  Geological  Science 
was  indebted  to  the  labours  and  discoveries  of  Eidd  and  Buckland, 

*  The  eroded  appearance  of  the  Cambridge  coprolites  has  frequently,  and  to  a  great 
eitent  incorrectly,  oecn  referred  to  the  trituration  produced  by  washing  in  the  mills. 

»  Vide  analysis  by  Dr.  Voelcker,  Geol.  Mao.  1866,  Vol.  III.  p.  164. 
3  Ann.  Nat.  Hist.  Nov.  1866. 

*  This  theory  has  no  reference  to  the  nodules  of  the  Gault  and  Cambridge  Green- 
sxmd,  which  are  far  too  pure  for  such  an  origin. 

*  Professor  Morris  has  already  (Geol.  Mao.  Vol.  IV.  p  469)  from  similar  evidence 
stated  his  conviction  that  the  Wealden  beds  were  present  over  the  neighbourhood 
of  Aylesbury. 

*  M.  J.  Harris  Hall,  of  St.  John's  College,  informs  me  that  he  found  coprolites 
scattered  over  this  hill  at  Brickhill  about  two  years  ago.  The  result  of  his  mcjuiry 
into  the  Potton  and  Upware  deposits  (Sedgwick  Prize  Essay)  will  be  published 
very  soon. 
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enters  on  the  consideralion  of  the  various  cosmical  liypotliesea  fifl  to 
the  origin  of  our  eiirtb,  and  probobly  of  the  other  planet*,  in  the 
condensation  of  nebular  matter.  In  this  he  brings  forward  the  yet 
unpublished  and  perbapa  uncfflmpleted  views  of  Mr,  Norman  Lockyer, 
tommunicated  by  the  latter  to  Mr,  Preetwioh,  suggesting,  from  the 
analogy  of  the  apparent  solar  conslitutiun,  that  our  globe  in  iu 
nebular  condition  had  itti  materials  arranged  in  zones  of  different 
densities,  the  densest  of  course  being  innermost — a  notion  wbich 
llr.  Lockyer  and  Mr.  Prestwich  both  lliiuk  to  be  supported  by  tbe 
existing  order  of  the  materials  constituting  tbe  earth,  the  metalloids 
forming  the  outer  zones,  succeeded  by  the  denser  substances,  such  as  ' 
tbe  metals,  in  tbe  interior ;  granite  and  other  acidic  rocks  being  oon-  ' 
sidered  the  chief  substance  of  tlie  earliest  outer  cruet,  underlaid  by 
tbe  more  basic  rocks,  basalts,  magnesites  and  ferruginoos  rocks  in 
tbe  first  instance,  and  fuilher  towards  the  centre  by  the  metallic 
bases.  This  is  a  bold  apeoulatioQ,  which  wo  will  not  further  remark 
upon,  but  leave  it  as  a  nut  to  he  cracked  by  other  oosmical  geologists. 

Mr.  Prestwich  then  proceeds  from  these  highly  speculative  views 
to  the  more  direct  (juestiona  of  geology  proper,  namely.  Stratigraphy  , 
and  Palfeontology.  He  gives  several  ingenious  diagram -illustration  a  i 
of  the  proportionate  ocourrenoo  of  different  species  of  organisms  ' 
in  tbe  suooessive  known  strata.  These  mnst,  however,  be  aeen  and  i 
carefully  studied,  as  it  would  be  impossible  to  explaiii  tliem  fully,  J 
unless  we  could  introduoe  illustrations  of  them  here.  \ 

Mr.  PrestwicU  then  comos  to  what  he  calls  tho  more  especisl 
ground  of  the  geologiat  (p.  30),  nniiioly,  "  tlie  viirtous  choniiwd  and 
physical  questions  connected  with  inorganic  matter,"  in  other  words, 
"tbe  great  meclinnical  phenomena  exiiibited  on  the  surface  of  tho 
globe," — the  fiiTst  question  being  whether  these  phenomena  are  most 
expreasiveof  "energy"orof  "(i?n(!,-"in  other  words,  tbe  old  dispute 
between  the  Cataclysmic  and  Uniformitarian  tlieories. 

Upon  this  point  Mr.  Prestwich  ranges  himself  rather  witli  the 
former  than  the  latter.  Admitting  the  enormous  and  scarcely  con- 
ceivable periods  of  time  with  wliieh  geology  has  to  deal,  Mr. 
Prestwich  deduces  from  this  not  that  the  minor  phenomena  which 
come  within  the  rango  of  our  limited  experience  may,  by  their  mul- 
tiplication in  the  course  of  tlieso  countless  ages,  be  made  to  accouut 
for  all  the  larger  past  changes  of  wbich  we  have  evidence,  but,  on 
the  contrary,  that  in  the  vast  extent  of  previous  time  tliere  is  ample 
room  for  tlie  possible  occurrence  of  paroxysmal  events  infinittly 
exceeding  in  energy  any  with  which  our  petty  experience  has  made 
us  acquainted  ;  and  hero  he  suggests  the  rather  ingenious  argument 
that,  as  tho  recognition  of  a  glacial  period  bus  led  to  tho  admission  of 
an  early  greater  intensity  of  cold,  so  the  evidence  of  a  greater  in- 
tensity of  heat  should  by  analogy  be  equally  aJjnissible  (p.  3G,  not«). 
From  tliis  Mr.  P  est  v  ch  nat  rally  proceeds  to  consider  the  hypo- 
thesis of  central  I  eat  and  of  tl  o  presumed  contraction  of  the  earth 
on  cooling,  "  aocon  pan  ed  by  a  shrinking  (?  crumpling)  of  the  crust, 
to  ivhich  the  tro  I  of  ocea  s  he  elevafion  of  continents,  the  pro-  J 
tiusioti  of  tiioui  ta  n  cb^    s    SluOi  tAie  faulting  of  strata,  are  to  ba     I 
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attribaied."  He  finds  in  these  phenomena  an  ailment  for  their 
explanation  rather  by  sudden  and  excessively  violent  shocks  at  very 
distant  intervals  than  by  minor  and  more  frequent  oscillatory  move- 
ments. We  cannot  in  this  brief  notice  enter  on  a  criticism  of  this 
argument,  or  we  might,  we  think,  show  that  it  contains  a  fallacy. 
"We  join,  however,  heartily  in  the  concluding  passage  of  this  portion 
of  the  address :  "  Of  these  forces  it  is  as  difficult  for  us  to  realize  the 
.  intensity  as  it  is  to  fathom  the  immensity  of  space.  These  are  among 
the  questions  of  the  future.'*  (p.  40.) 

Presuming,  however,  the  earth  to  have  arrived  at  present  at  a 
state  of  comparative  "  quiescence,"  Mr.  Prestwich  suggests  that  the 
glacial  period  through  which  the  earth  has  recently  passed,  owing 
to  whatever  cause,  anticipated  in  some  degree  the  ultimate  refrigera- 
tion of  the  globe  through  the  radiation  of  heat  into  space ;  and  by 
retarding  this  process  has  tended  to  produce  that  "  period  of  stable 
equilibrium"  which  now  obtains,  and  "which  now  renders  it  so 
fit  and  suitable  for  the  habitation  of  civilized  man ;"  and  thus 
"  impresses  the  author  with  the  belief  of  great  purpose  and  all- wise 
design."  (p.  48.) 


n. — ^BuDiMBNTS  OP  Geology.     By  Samuel  Sharp,  F.S.A.,  F.G.S. 

(Stanford,  London,  1875.) 

THE  object  of  this  book  is  to  give,  in  a  condensed  and  useful  form, 
an  abstract  of  the  most  noticeable  points  in  geolopjical  research. 
It  is,  in  fact,  rather  a  series  of  brief  notes  of  lectures,  than  a  treatise 
on  Geology,  and  its  very  size,  for  it  runs  into  little  more  than  a  hun- 
dred pages,  precludes  the  possibility  of  the  author's  doing  more  than 
indicating  the  salient  facts  and  theories  of  the  science. 

This  has  been  satisfactorily  attempted ;  and  the  arrangement  is 
well  adapted  to  the  wants  of  students  who  seek  for  much  information 
in  a  small  space. 

The  First  Part  deals  essentially  with  Definitions,  a  separate  para- 
graph being  devoted  to  each ;  these  are  both  word -derivations,  and, 
in  many  instances,  explanatory  notes  of  the  matter  in  hamd ;  and 
are  of  considerable  value. 

For  example,  paragraph  15,  which  relates  to  "  the  processes  by 
which  sedimentary  strata  have  been  formed  at  the  bottom  of  rivers, 
lakes,  estuaries,  and  seas,"  does  not  confine  itself  to  a  brief  statement 
that  Denudation  (marine,  sub-aerial,  or  glacial)  was  the  chief  cause, 
but  proceeds  to  describe  the  process,  and  to  give  numerous  examples 
of  the  action  of  these  several  agents. 

There  is,  however,  a  tendency  in  some  instances  to  popularize  in- 
formation and  simplify  terms  in  a  hasty  and  inaccurate  manner. 
Tliis  may  often  lead  to  false  impressions.  Thus  granite  is  spoken 
of  as  "  the  original  foundation  and  source  of  all  rocks,"  which  is 
certainly  open  to  question.  Again,  some  of  the  derivations  of  tech- 
nical wordsare  careless ;  for  stratum  is  not  a  "covering"  body,  onta  are 
not  necessarily  "  existing  "  beings,  meta  is  not  **  chau^^e,"  twid,  \1 
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Alpine  streams  carry  dowu  an  "  incalculable  "  quantity  of  materul. 
geologist.B  may  as  well  give  up  the  attempt  to  be  exact  in  tlieir  calcu- 
lations. The  same  waut  of  care  is  evidenced  in  other  pages ;  tiiiK 
we  may  remark,  in  the  enumeration  of  the  characterietiQ  fossils  of  the 
Slonegjield  State,  Mr.  Sharp  notices  the  occurrence  of  "  the  wing-cases 
of  Beetles,  a  beautiful  wing  of  a  Bulteifly,  and  many  inaecU,"  which 
aentenc*  requires  the  addition  of  "other"  before  the  final  noun  to  be 
correct.  So  also  at  page  4S,  "  MoUusea  are  less  plenfiful  than  Cephal- 
opoda "I  Still  these  slight  inaccuracies  are  of  little  importance,  and 
do  not  greatly  militAte  against  the  undoubted  value  of  the  work. 

Part  II.,  which  deals  with  the  Stratigi-aphical  and  Falroontological 
data,  is  prefaced  by  a  well-arranged  table,  giving,  in  addition  to  the 
customary  list  of  formations,  the  maximum  Lhickneas  of  each  set  i>f 
beds.  Then  follows  an  acoount  of  the  various  divisions  and  bu1>- 
divisions  of  theee  formations,  useful  refereuoes  being  made  in  each 
case  to  the  lithological  and  palawntological  characteristics  of  each. 
HufBcient  to  give  a  good  general  idea  of  the  nature  of  the  groups  of 
strata ;  and,  though  space  admits  neither  of  illustration  nor  detail, 
the  brief  account  of  the  most  remarkable  fossils  is  clear,  though  tlie 
natural -history  knowledge  exhibited  is  by  no  means  perfect. 

The  more  important  groups  of  the  animal  and  vegetable  life  of  the 
several  epochB  are  tdone  refeiTed  to  ;  and  the  most  important  litho- 
logical f^nr«  and  foBsils,  which  would  lead  to  the  general  identifi- 
cation of  the  groups,  are  enumerated  and  defined,  so  as  to  odinit  of 
realty  appreciation  by  an  iiitxiierienuLHl  stiulviit. 

Great  care  is  shown  in  the  description  of  the  Oolites,  and,  brief  as 
it  necessarily  is,  it  is  full  of  value;  the  range,  for  instance,  of  the 
more  or  less  marine  beds  of  the  "  Stoneefield  Slate  "  through  North- 
amptonshire and  Lincolnshire,  possibly  to  Scarborough,  where  it  ''is 
probably  ultimately  represented  by  the  Upper  Plant  Shale,"  being 
clearly  explained  by  the  successive  alterations  in  the  Palffiontological 
peculiarities  of  the  series  of  beds.  In  fact,  the  author  seems  to  be 
ebsontially  an  Oolitic  Geologist,  treating  the  older  beds,  from  the 
Lias  downwards,  and  the  upper  beds  from  the  Purbeck  upwards, 
chiefly  in  tlie  light  of  Lyell's  "  Student's  Manual"  anil  other  elemen- 
tary works  and  compilations. 

Tlie  book  closes  witb  a  short  description  of  the  first-known 
appearance  of  Man  upon  the  earth ;  flint  iinidoraentB  being  found  as- 
sociated with  bones  of  the  Elephant,  Cave-Bear,  etc,  but  not  with 
human  bones ;  and  the  history  of  this  most  interesting  branch  of 
niodern  geological  research  is  shortly  told. 

Mr.  Sharp's  '■  Kudiments  of  Geology  "  will  be  n  useful  book  for 
geological  students  of  all  classes.  To  the  more  advanced  reader  it 
furnishes  a  handy  precis  of  the  chief  points  in  the  branch  of  science 
ho  pursues  ;  for  the  beginner  it  provides  the  scafiolding  wherewith 
lie  may  arrange  his  future  studies  and  build  up  his  knowledge. 

C.    GOOPKB    ElKG. 
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III. — "Th«  Geology  and  Baces  of  India."  (Edinburgh  Review, 

April  1875.) 

AN  article  in  the  April  number  of  *^The  Edinburgh^*  treats  at 
some  length  of  the  Greology  of  India,  and  its  connexion  with 
the  races  of  that  country.  With  the  latter  part  of  the  subject  it  is 
not  necessary  to  deal  here,  though  the  affinity  between  Itace  and 
Geology  may  be  thought  somewhat  loosely  and  discursively  treated  as 
an  attribute  of  scenic  and  agrarian  influences;  the  reader  being  referred 
to  Buckle's  "History  of  Civilization"  for  the  laws  which  regulate  the 
influence  of  soil  and  climate  upon  the  creation  of  wealth,  civilization 
and  luxury:  while  it  is  difficult  to  gather  from  the  article  itself 
the  slender  links  between  intellectual  development  of  national 
character  and  the  "  stupendous  convulsion  of  the  Himalaya," 
the  derivation  of  Begur,  the  existence  of  concealed  coal  beds, 
or  the  presence  of  **  great  trappean  effusions." 

The  writer's  descriptions  of  the  Geology  of  India  are  however 
too  startling  to  pass  altogether  unnoticed  when  advanced  in  the 
pages  of  such  a  journal  as  the  Edinburgh  Beview;  nor  would  it 
be  fair  to  authors  upon  Indian  geology  to  allow  him  to  claim 
for  strangely  mingled  misrepresentations  that  they  are  given 
"as  detailed  by  skilful  observers." 

These  descriptions  being  taken  professedly  from  "  amateur 
authors" — but  largely,  one  might  imagine,  from  Dr.  Carter's  Sum- 
mary and  Mr.  H.  Blanford's  recently  published  excellent  little  work 
on  the  Physical  Geography  of  India — it  is  to  be  regretted  that  the 
writer  of  the  article  seems  to  have  assumed  the  equally  "  admirable 
accuracy  "  of  all,  and,  relying  upon  this,  to  have  failed  in  discrimina- 
tion, while  committing  himself  to  statements  at  variance  with  facts, 
familiar  to  those  whose  acquaintance  with  the  subject  is  not 
altogether  circumscribed,  or  whose  desire  to  increase  this  knowledge 
might  be  stimulated  by  a  paper  in  an  ably -conducted  journal. 

It  is  also  matter  for  much  regret  that,  without  wading  through  the 
whole  of  the  amateur  literature  of  the  subject  noticed  by  the  writer, 
besides  all  the  Government  publications,  no  means  exist  whereby  a 
more  ample  knowledge  of  the  general  features  of  Indian  Geology 
can  be  acquired  than  may  be  gathered  from  the  chapters  by  Mr. 
Henry  Blanford — once  an  officer  of  the  Indian  Survey,  and  now  Chief 
of  the  Indian  Meteorological  Department.  It  has  been  suggested 
that  the  Indian  Geological  Survey  has  now  sufficiently  progressed 
to  enable  it  to  furnish  some  approximately  accurate  map  and  sum- 
mary of  the  geology  of  the  whole  country.  Nothing  comprehensive 
in  this  form  has  appeared  as  yet,  but  it  is  evident  from  the  article  in 
question  that  such  a  publication  is  needed ;  and  this  could  hardly  be 
more  competently  edited  than  by  the  veteran  Chief  of  the  Survey, 
with  his  long  experience,  if  leisure  could  be  found  among  his  other 
pressing  labours.  As  it  is,  the  science  itself  is  progressive,  and  ample 
time  has  passed  since  some  of  the  amateur  papers  were  written  to 
have  placed  them  behind  the  age. 

This  however  will  not  excuse  the  writer  of  the  article  referred  to 
for  want  of  acquaintance  with  some  of  his  own  sources  oC  \Hk&\.- 
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matioD,  when  we  find  it  asserted  that  the  oldest  rocks  of  the  Hima- 
layas are  not  of  greater  antiquity  than  the  Eocene  period  (p.  332), 
though  this  is  directly  oontrjulicted  in  a  quotation  at  p.  331.  oiid  the 
lat«  Dr.  Stoliczka,  Major  Godwin-Auflten,  etc.  have  recorded  their 
dtscoveries  of  Silurian,  Garhoniferoita,  Trioaaio,  and  other  fossils 
ill  the  Himalayan  ranges,  Again,  he  speaka  freely  of  the  Pal(eozoic 
rocks  of  Central  India,  larga  tracts  of  which  contain  no  known  foasils 
older  than  a  presumably  Jurassic  or  Cretaceous  period,  while  other 
enormous  apaoes  are  occupied  oilherby  cryalalline  rocka  or  by  layers 
of  bedded  trap  forinii^  whole  ranges  of  niORntains  or  plateaux  like 
the  Decciin,  containing,  but  rarely,  in  intercalated  strata,  fossils  of 
Tertiary  age  (!).  Nor  is  ho  altogether  happy  in  hia  conception  of  a 
skeleton  series  of  Palreozoio  ranges  filled  in  between  by  deposits  of 
various  following  ages,  retntlinif  fr-om  enoratoiw  volcanic  action  (I);  the 
upheaval,  contortion,  and  twisting  of  the  plutonio  rocka  being 
attributed  to  "eruptive  powers" — while  the  Cambrian  and  Silurian 
aeries  of  Central  India  (1)  are  mentioned,  but  we  are  not  told  where 
they  may  be  found,  or  on  what  evidence  their  assumed  age  is  based. 

After  this  an  imaginary  and  imposing  volcanic  upheaval  of  the 
Deccan  is  spoken  of  as  pre-Miocene,  while  above  oertaiu  ooarae  marine 
formations  of  that  age  there  is  a  newer  great  Trappeon  "  effusion " 
referred  to,  the  real  existence  of  which  would  be  even  more  difficult 
to  prove  than  the  production  therefrom  (p.  333}  of  recent  Begiir  and 
Ennknr  or  Travertine,  or  the  eruption  of  felspathic  traps  of  Oolitic 
age  thrniigh  the  RLgiirnf  the  C^rrL(itit'(!)  (p.  336). 

However  for  a  careless  writer  might  be  escuaed  for  conveying 
rather  mixed  ideas  of  a  subject  he  was  unacqiiaintcd  with,  derived 
from  many  sources  of  differing  degrees  of  accuracy,  or  perhaps  in 
some  cases  of  inaccuracy,  there  can  be  no  apology  for  the  inconsecu- 
tive and  contrary  assertioua, — in  one  place  that  the  rocks  of  the  pen- 
insula arc  intensely  disturbed,  and  in  another  that  the  beds  south  of 
tlie  Ganges  Valley  are  not  in  any  way  contorted  or  crushed  (1).  It  will 
be  new  to  any  one  slightly  acquainted  with  Indian  geology  to  leani 
"  that  the  geology  of  the  Punjab  is  wholly  Tertiary  and  Alluvial," 
and  that  '■  all  indications  of  Primary  or  PalaMzoic  rocks  are  entirely 
absent" — it  having  been  recorded  long  ago  in  the  publications  of 
the  Geological  Society  of  London  (not  to  mention  Indian  authorities) 
that  the  great  Salt  Range  of  that  district  contains  highly  fosailiferous 
Carboniferous  limestones  and  other  pre- Tertiary  formations.  The 
old  error  of  the  province  of  Kutch  being  •'  remarkable  for  its  craters 
and  other  evidences  of  recent  volcanic  action,"  is  repeated,  and 
a  partial  upheaval  from  the  soa  is  stated  for  the  "  Runii,"  although 
tolerably  recent  information  upon  these  points  is  available  in  a 
published  form.  The  economic  subject*  of  Indian  coal  and  iron  are 
noticed,  (he  first  in  some  detail;  but  nothing  is  said  of  the  great  salt 
dejiosits  of  the  north. 

Discrepancies    as    gross     as    these    throughout    the    geological 

portion    of  the  article   leave   the   impression    that  the  writer  was 

either   feebly    acquainted    with    geological    sulijects,    or  has    most 

^^perfectly  collected  the  Du^tcTi&U  of  which  his  paper  is  made  up, 
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and  we  would  recommend  a  reader  interested  in  the  matter  to  turn 
instead  for  information  to  Mr.  H.  Blanford's  little  book  and  to  the 
geological  chapters  published,  or  in  course  of  publication,  in  the 
Grovemment  of  India's  Gazetteers  for  each  of  the  Presidencies, 
wherein  condensed  accounts  of  the  local  geological  features  will  be 
found.  W. 


Gkologioal  Societt  of  London. — May  26th,  1875. — John  Evans, 
Esq.,  Y.P.B.S.,  President^  in  the  Chair. — The  following  communi- 
cations were  read : — 

1.  "  On  some  Peculiarities  in  the  Microscopic  Structure  of  Fel- 
spars."    By  Frank  Butiey,  Esq.,  F.G.a 

The  observations  recoided  in  this  paper  related  mainly  to  some 
exceptional  features  in  the  striation  of  felspars  from  various  localities, 
involving  a  consideration  of  the  extent  to  which  dependence  may  be 
placed  on  the  discrimination  of  monoclinic  and  triclinic  felspars  by 
the  methods  usually  recognized  in  ordinary  microscopic  research. 
Some  other  peculiar  structural  features  were  likewise  noticed,  and 
the  effects  which  might  be  produced  on  polarized  light  by  the  over- 
lap of  twin  lamellae  in  thin  sections  of  felspars,  when  cut  obliquely 
to  the  planes  of  twinning,  were  also  considered. 

The  paper  terminated  with  a  list  of  conclusions  deduced  from  the 
observations  recorded.  These  conclusions  mostly  related  to  matters 
of  detail ;  but  the  general  inference  drawn  by  the  author  was  thut 
the  present  method  of  discriminating  between  monoclinic  and  tri- 
clinic felsparsby  ordinary  microscopic  examination  answers  sufficiently 
well  for  general  purposes,  although  it  is  often  inadequate  for  the 
determination  of  doubtful  examples,  and  that  such  examples  are 
of  more  frequent  occurrence  than  one  would  at  first  be  led  to  suspect. 

2.  "  On  the  Lias  about  Radstock."  By  Ralph  Tate,  Esq.,  A.L.S,, 
F.G.S. 

Li  this  paper  the  author  described  several  sections  in  the  Lias  of  the 
neighbourhood  of  Radstock  in  Somersetshire,  with  special  reference 
to  their  palseontological  contents,  and  to  the  question  of  the  division 
of  the  Lias  into  zones  in  accordance  with  the  species  of  Ammonites 
occurring  in  different  parts  of  the  series.  He  maintained  that 
although  the  Lower  Lias  in  this  district  only  attains  a  thickness 
of  24  feet,  this  is  due  to  poverty  of  sediment ;  and  that  whilst  by 
this  means  the  zones  are  compressed,  and  the  species  of  Am- 
monites brought  almost  into  juxtaposition,  the  succession  of  Am- 
monite-life is  as  regular  in  the  Riidstock  Lias  as  in  the  most  typical 
districts.  Much  of  the  opposition  to  the  doctrine  of  zoological  zones 
he  ascribed  to  erroneous  discrimination  of  species.  The  paper 
included  tables  of  sections  and  lists  of  fossils,  with  the  arguments 
founded  upon  them,  in  support  of  the  above  opinion.  A  few  now 
species  were  described  under  the  names  of  Trochus  solitarius, 
Cryptcena  affinis,  Cardita  consimtUs,  and  Cardinia  rugtdosa. 
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3.  "On  tlie  Axis  of  a  Dinowmr  fi-om  the  Wealiien  of  Brook,  i 
the  Isle  of  Wight ;  probably  refeiable  to  Iguanodon."  By  Prof. 
H.  G.  Seeley,  F.L.S.,  F.G.8. 

This  perfect  Bpecimen,  preserved  in  tbe  Wooflwarilian  Musetim  of 
the  University  of  Cambridge,  is  8J  inches  long  and  3J  inches  high. 
The  odontoid  process  ia  ftnchylosed  lo  the  Bsis,  and  projects  forward 
as  in  the  axis  of  birda,  so  as  to  articulate  with  the  occipital  condyle 
of  (be  sbull.  The  pre-  and  postzygapophyses  ore  situated  much  as 
in  birds;  as  are  the  two  ovnfe  pedicles,  on  the  anterior  part  of  the 
side  of  the  vertebra  to  which  the  cervical  rib  was  articulated.  But 
posteriorly  the  articular  surface  for  tbe  third  cervical  vertebra  is 
transversely  ovate  and  slightly  ooncave.  The  neural  spine  is  ooni- 
preased  from  side  to  side,  more  so  in  front  than  behind.  Among 
mammals,  tbe  nearest  resemblance  to  this  kind  of  axis  is  seen  simi- 
larly in  the  whale ;  and  among  reptiles  the  crocodile  baa  n  two- 
headed  rib  ;  but  the  other  characters  are  more  like  those  of  HatUria, 
which  the  author  regarded  as  a  near  ally  of  the  Crooodilia  and 
Chelonia,  and  as  wrongly  united  with  the  Laoertilia, 

4.  "  On  an  Omithosaunan  from  the  Purbeck  Limestone  of  Lang- 
ton,  near  Swanage  {DoTaforhyBchaa  validug)."  By  Prof.  H.  G.  Seeley, 
F.I-.S.,  F.G.8. 

The  author  obtained  these  specimens  (a  lower  jaw  and  a  Tertebra) 
in  1868,  and  desoribed  tbent  in  the  "  Index  to  the  Secondary  Hep- 
tilia,  etc.  in  the  Woodwardian  Miiwuni,"  in  1869.  as  TUrodnetyJus 
macnniis.  Ht-  now  believed  thiit  the  Ornithos.iuriaH  verteliriP  froiii 
the  Camhridgo  Greensand,  which  have  been  regarded  as  caudal,  are 
reall>  cetMcal,  and  therefore  that  tbe  analogy  on  which  this  vertebra 
was  determined  to  he  caudal  cannot  be  sustained ;  he  proposed  to 
adopt  for  his  species  Prof.  Owen's  specific  name  talidug.  given  in 
1870  to  a  phalange  of  tbe  wing  finger  from  tbe  same  deposit.  Tlie 
vertebra  is  3  inches  long,  relatively  less  expanded  at  the  ends 
than  similar  verfebrie  from  the  Cambridge  Greensand,  has  strong 
zygnpophysml  procesBCB,  and  a  minute  pneutiiatijj  foramen. 

The  lower  jaw,  aa  preserved,  is  12J  inches  long.  The  symphysis 
extends  for  5  inches,  and  is  about  -J  of  an  inch  deep,  and  divided 
into  two  parts  by  a  deep  median  groove.  Tbe  teeth  extended  for 
8  inches  along  the  jaw,  and  about  7  or  8  occurred  in  the  space  of  an 
inch.  Tliey  were  directed  outward  in  front,  and  became  vertical 
behind.  Where  (he  rami  are  fractured  behind,  they  measure  2J 
inches  from  side  to  side. 

SIR  WILLIAM  EDUOND  LOGAN. 

1,L,U.,  F.H.S..  E.G  S,,  V.P.  Nul.  Uist.  Soc.  Montresl. 

Yet  another  leading  man  has  passed  away — one  whose  name  has 

become  familiar  lo  geologists  during  fiffy  j-ears  of  the  most  vigorous 

growth  of  our  science,  and  one  whose  labours  and  researches  have 

contributed  in  no  siunll  degree  towards  that  development  and  progress 

^if  ideas  by  which  geology  at  Iba  present  day  is  characterized. 
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William  Edmond  Logan  (who  was  of  Scottish  parentage)  was  born 
in  Montreal  in  1798.  His  education,  commenced  in  Canada,  was  con- 
tinued at  the  High  School  and  in  the  Uniyersity  of  Edinburgh.  He 
soon  displayed  a  love  for  geological  pursuits,  and  commenced  in  South 
Wales  carefully  to  study  the  structure  of  the  Coal-field  of  that  region, 
and  to  map  the  outcrop  of  its  numerous  Coal-seams,  depicting  their 
faults  and  most  minute  details  on  the  One-inch  Sheet  of  the  Ordnance 
Survey.  This  admirable  work  he  generously  handed  over  to  Sir  Henry 
de  la  Beche  when  he  began  the  Survey  of  that  district,  and  on  the  early 
Sheets  of  the  Government  Geological  Maps  for  South  Wales  the  name 
of  W.  E.  Logan  appears  with  those  of  De  la  Beche,  Ramsay,  Phillips, 
and  Aveline. 

During  this  time  Logan  worked  on  the  staff  of  the  Survey  as  a 
volunteer,  and  among  other  valuable  services  rendered  he  introduced 
the  practice  of  drawing  horizontal  sections  on  a  true  scale  of  six  inches 
to  a  mile,  which  afterwards  served  as  models  for  the  large  sections  of 
the  Survey. 

At  this  early  part  of  his  career  Logan  made  a  most  important  obser- 
vation on  the  origin  of  coal,  then  but  little  understood.  He  pointed 
out  that  each  coal-seam  rests  on  an  "  underclay"  or  "  fireclay,"  in 
which  rootlets  of  Stigmaria  branch  freely  in  all  directions.  This 
association  of  coal  and  Stigmana-clnj  he  found  to  be  so  constant  that 
he  was  led  to  the  conclusion  that  the  clay  represented  the  ancient  soil 
or  mud  in  which  the  Stigmaria  grew,  and  that  the  coal  was  the  result 
of  the  accumulated  growth  and  decay  of  the  matted  vegetation  which 
had  once  lived  upon  that  soil.  Looking  back,  after  a  lapse  of  forty 
years,  we  are  astonished  at  the  brilliance  of  Logan's  early  deduction, 
which  served  to  throw  so  clear  a  light  upon  the  nature  and  origin  of 
coal,  and  entitles  its  author  to  our  highest  esteem  as  a  most  careful 
and  accurate  observer. 

In  1841  Mr.  Logan  went  to  America,  and  examined  the  coal-fields 
of  Pennsylvania  and  J^ova- Scotia,  where  he  also  made  some  original 
observations.  In  the  winter  of  1841-42  he  devoted  himself  to  watching 
the  behaviour  of  ice  as  a  geological  agent  on  the  great  Canadian  rivers. 
The  result  of  his  studies  was  communicated  by  Logan  in  person  to 
the  Geological  Society  of  London  in  the  spring  of  1842. 

About  this  time  (1842)  there  arose  in  Canada  a  strong  desire  to  know 
something  more  about  the  mineral  resources  of  the  Colony,  and  the 
Legislature  having  voted  £1,500  for  a  Geological  Survey,  the  Canadian 
Government  consulted  the  Home  Office  as  to  a  suitable  person  to  under- 
take the  task,  mentioning  the  name  of  Mr.  Logan,  and  inquiring  in 
what  estimation  he  was  held  in  England  by  scientific  men.  Murchison 
was  at  that  time  President  of  the  Geological  Society,  and,  being 
appealed  to,  he  warmly  recommended  Logan,  as  did  also  his  old  friend 
De  la  Beche.  From  his  appointment  in  1843  Logan's  whole  energies 
were  given  to  the  task  assigned  to  him,  and  to  his  devotion  and  untiring 
energy  must  be  attributed  the  fact  that  he  never  allowed  the  difficulties 
of  his  task  to  overpower  him,  although  beset  on  all  sides  with  obstacles 
sufficient  to  have  disheartened  men  of  less  determination  and  ability. 
The  country  over  which  his  Survey  extended  was  frequently  obscured 
by  dense  vegetation.      There  was  no  Ordnance  Map  to  \i?>^,      TL^aa 
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Qovemmpnt,  mnroovi-r,  only  acted  on  irapulBe,  and  goon  were  reaJyw 
nbwndoB  a  Survey  which  had  only  been  sanctioned  by  them  in  a  fit  of 
patriotic  fervour.  Througb  all  these  obstacles  L'>gan's  tact  and  per- 
ecvcrnnco  enabled  him  to  sleer  his  bark,  and  tinally  to  gain  the  haven 
of  popularity,  while  fiuceeRs  crowned  his  efforts  in  the  field.  Tear  by 
year  his  annual  reports  were  presented  to  the  Canadian  Fartiament, 
accompanied  by  admirable  Geological  llaps,  and  it  is  in  tliese  official 
reports  that  tho  chief  work  of  his  life  is  embwiied. 

He  WHS  fortunaffi  in  Beeoring  excellent  assiafanta  in  his  field  work  ; 
men  whose  names  are  well  known  to  geologists :  Alexander  Murray 
(now  Director  of  the  Survey  of  Newfounclland).  James  RicbardHon,  and 
in  later  years  Robert  BeJI,  and  othere.  For  mineralogical  and  chemicsl 
examination  of  rocks  he  secured  the  services  of  Dr.  T.  Sterry  Hunt ; 
while  for  the  paluiontologioid  determination  of  the  fossils  he  obtained 
ihe  aid  of  Mr.  E,  BiUings,  Perhaps  Uie  best  proof  of  the  beneBte  con- 
ferred by  the  Survey  upon  Canada  ia  furnished  by  the  firm  footing  and 
liberal  support  which  it  now  obtains  from  the  Provincial  Legislature. 
The  Survey  has  its  Museum  and  a  Laboratory,  where  the  minerals,  rocka 
and  fossils  of  the  country  are  esamioed  and  illustrated  with  eapecial 
reference  to  the  industrial  resources  of  the  country.  By  such  methods 
alone  can  scicutiflc  men  hope  to  succeed  in  securing  the  hearty  co- 
operation of  Colonial  Ooveminenta.  All  young  States  require  to  be 
shown  some  commercial  advantage  to  be  clerivi'd  from  geological  and 
oUier  investigatioBS ;  and  in  proportion  tn  the  buccoss  with  which  Hiii 
aspect  of  the  subject  is  put  before  them,  so  will  bo  the  support  given  to 
such  scientific  uiidertakiiiys. 

After  the  Paris  Kxhibition  of  1855,  at  which  the  mineral  productions 
of  Canada  had  been  so  successfully  exhibited  by  him,  the  honour  of 
knighthood  was  conferred  upon  Sir  William  Logan  in  recognition  of  his 
long  and  unwearied  exertions  in  carrying  out  this  important  task. 
He  devoted  himself  wilh  equal  energy  to  the  interests  of  tlie 
Colony  at  the  International  Exhibition  of  1862.  The  generalized  sum- 
mary of  the  labours  of  the  Surrey  of  Canada,  during  the  first  twenty 
years  of  its  cxisteuce,  published  in  1863,  contains  tlie  gist  of  his  work 
OS  well  as  a  luminous  account  of  all  that  was  then  known  of  the  geology 
and  mineral  wealth  of  the  Province. 

rinding  his  duties  too  heavy  for  his  advancing  years  and  failing 
health,  Sir  William  resigned  his  appointment  in  lti69,  and  was  suc- 
ceeded by  Mr,  A.  11.  C.  Selwyn,  formerly  of  the  Geological  Survey  of 
Great  Britain,  and  afterwards  Director  of  the  Survey  of  Victoria. 

Sir  William  Logan  gave  20,000  dollars  towards  the  endowment  of  a 
Chair  of  Geology  in  M'Gill's  College,  Montreal,  and  up  to  the  last  his 
interest  in  his  tavourilc  science  was  unabated. 

"Well  has  Prof.  Geikie  observed  :  "  Ho  has  done  a  great  work  in  his 
time,  and  has  left  a  name  and  an  example  to  be  cherished  among  the 
honoured  possessions  of  Geology."  ' 

we  are  inilubttd  for  the  mnio  (acta  and  mosl  of 
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I. — Shobt  Sxxtoh  of  the  Qbology  of  thb  Nobth  of  Nobway. 

By  Eaal  Pbttbbsbn. 

LEOPOLD  VON  BUCH,  who  in  the  beginning  of  this  centniy 
travelled  through  Norway  as  far  as  the  North  Capo,  was  the 
first  who  wrote  about  the  geology  of  the  northern  part  of  the 
oonntry  (Reise  durch  Norwegen  und  Lapland,  Berlin,  1810).  Some 
years  later  the  natural  conditions  of  the  country  were  examined  by 
Vargas  Bedemar.  On  this  voyage  he  went  as  far  as  Varanger,  and 
has  recorded  the  result  of  his  inquiries  in  his  work  ''Reise  nach  dem 
hohen  Norden,  Frankfurth-a.-Main,  1819."  Furthermore  R.  Everest, 
who  travelled  through  Norway  to  the  North  Cape  in  the  years 
between  1825  and  1830,  has  collected  various  notices  on  the  moun- 
tain structure  of  the  countries  in  his  work  entitled  "Journey 
through  Norway." 

If  we  consider  the  vast  tract  which  these  men  of  science  had  to 
go  over,  and  the  short  time  they  had  at  their  disposal  for  this  pur- 
pose, it  will  be  evident  that  we  cannot  expect  to  fiud  in  their  works 
complete  surveys,  but  only  more  or  less  scattered  remarks  on  the 
geological  structure  of  the  country. 

Li  the  years  1827  and  1828  Keilhau  had  occasion  to  make  more 
comprehensive  investigations  in  the  northern  parts  of  the  country, 
and  he  succeeded  also  in  givmg  the  first  hints  for  a  separation  of  the 
principal  groups  which  form  the  mountainous  gi'ound  of  these 
regions. 

Of  course  Keilhau  never  intended  to  give  anything  more  than 
preliminary  hints.     If  one  takes  into  consideration  that 

the  area  of  Finmark  is  790  geographical  square  miles  =  43,480  square  kilom. 

„        Tromsd^Amt"      412  „  „         =  22,710  „ 

„        Nordlands"Amt"  687  „  „         =  37,820         „ 

together  1889  „  „         =10^,010         „ 

it  will  be  clear  that  a  man,  in  the  course  of  the  summer  months  of  a 
couple  of  years,  will  only  be  able  to  go  over  so  vast  an  extent  of 
country  superficially.  Moreover,  the  land  is  thinly  populated ;  the 
actual  inland  area  is  for  the  greater  part  barren  ;  and  the  "  Amts"  of 
Tromso  and  Nordland  especially  form  an  extremely  wild  mountain 
land,  frequently  intersected  by  deep  fjords,  valleys  and  gorges. 
Scientific  journeys  are  therefore  in  these  parts  always  connected 
with  great  difficulties. 

DBCADB  II. — YOL,  II. — KO,  IX.  *I^ 
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Keilhau  has  given  the  result  of  his  inqniriea  in  liia  well-knovni 
work  :  '■  Goea  norvegica,  2  volnmea,  CbristtaQia,  1844," 

Uore  connected  geological  examinations  of  these  countries  were 
comnioaceil  in  18fi5,  and  have  been  oontinaed,  but  are  still  far  from 
being  ooncluded.  During  this  time  Mr.  Tellef  Dahll  has  gone  over 
East  Finmark  and  the  inland  of  West  Finmark,  and  the  author  of 
these  pages  over  the  coast-lane!  of  West  Finmark,  the  whole  of 
Tromso  Amt,  and  the  greater  part  of  Lofoten  and  Vesteraalen  in 
Nordlands  Amt. 

A  more  detailed  description  of  the  course  and  tesaltd  of  the 
investigations  will  be  found  in  the  following  treatises: 

Till)/ DaMI.    On  tbe  Geology  of  Futmaiken.     Chhatiuui  Bcientiflc  Societj, 
1867,  pp.  213—223. 
Karl  Pittirna.    Qeologicitl  Protile  bom  tbe  Boundary  of  the  Slate  orer  Lyn^n  to 
Kval6.     Clu-.  S.  8.  1B67,  pp.  16S— 15a. 
„  Profile  through  the  Bod  of  the  Reuen-oW  oTor  ni6  ind  Ejugin. 

Chr.  S.  S.  1868,  pp.  316—331. 
„  Oeological   Invrstigstiane  in  the   Troins6  Dirtrict.      The  Boftl 

Nomeginn  Scientific  Society's  WiitingH,  vol.  T.  pp.  US— 2i0. 
Trondbiem,  1868. 
„  Gpobeicnl   Invertigatiotts  in  TronnO  Amt  11.      R.  N.  8.  S.'i 

WntinOT,  vol.  ri-  pp.  41-16fi.    Trondhimi,  1870. 
„  On  the  ElevBtion  of  Tronufi  Amt  over  the  I*vfll  of  tlio  Se«  in  tlw 

Glnoini  nnd  Puslgliioiiil  Age,     B.  N.  8.  8,'s  Writiags,  vol.  ti. 
pp.  1U6— IS9.    Trondhjom,  1870. 
„  Oeologiiwl  Inveeti^tioni  m  TTonud  Amt  III.  On  tha  Fomulioiu 

of   tluatemarr  het.       R.  ^.  S.  S.'b  Writinin,  rol.  rii.  pp. 
103-176.     rroHaipm,  1872. 
„  ■rroni96   Ataie  OrologV-      K.  W.   S.    b.'a  Wntmgs.   TOl.  vii.   pp. 

181-240.     Trondhjem,  1872. 
„  GeoloEical   lovestiirationB  in   Tromafi  Amt  IV.       R.   S.    S.   S."a 

Writings,  Tol.  vii.  pp.  260-444.     Trondhjem,  1874. 
„  On  the  Kind  of  Rock  to  be  found  within  the  Amte  of  Tromaa  8nd 

Finnmiken.   The  Geological  Society's  Discussions  in  Stockholni, 
1874,  vol.  i.  pp.  274—281. 
„  Anorthite-Gubbro  in  SoUand,  West  Fismarken.  G.  S.  D.  in  Stock- 

holm, vol.  ii.  no.  4.   1B74. 
„  Arctin— a  Contribution  to  throw  Light  on  the  Distribution  of  Sea 

Land  and  in  the  European  Glacial  Age.   G.  S.  D.  in  Stockholm, 
vol.  ii.no.  fi,  pp.  2-16.  1874. 
„  On  the  Occurrence  of  Elieolitc  in  West  Finmarken.    G.  S.  D.  in 

Stockholm,  1874,  vol.  ii.  pp.  220—222. 
„  Natuial  Fonnations  of  Tunnels  and  Caves  in  the  Coast-line  of 

West  Finmurkcn.    G.  S.  D.  in  Stockholm,  1876,  vol.  ii. 
„  The  Gncisioid  Granite  Formatioi^s  ulong  tbe  Cuast-liae  of  tbe 

North  of  Norway.   G.  8.  D.  in  Stockholm,  1875,  vol.  u.  no.  11. 
pp.  4S0-468. 

In  the  following  pages  we  shall  try  to  give  a  concise  view  of  tbe  re- 
snlts  gained  through  the  reseai-ches  instituted  up  to  the  present  time. 

In  tho  districts  (Amts)  of  Finmark  and  Tromso,  and  in  the 
shrieval  districts  (Fogderier)  of  Lofoten  and  Vesteraalen  in  the 
district  (Amt)  of  Nordland,  there  occur  from  below  upward  the 
following  stratified  groups : 

I.  The  primitive  rock. — This  appears  as  narrow  or  wi<)er  stripes 
in  the  coast-tract  Islanil-group  from  Magerd  towards  tlie  north,  to 
the  terniinatiou  of  Lofoten  in  the  south.  It  forms  moreover  tbe 
Borihern  part  of  tbe  peninsula  which  projects  between  AJten  and 
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Porsanger  and  the  greater  part  of  the  high  and  wild  peninsula  which 
extends  from  Langfjord  and  Alteidet  westward  in  the  direction  of 
Loppen. 

in  the  inland  area  of  the  district  (Amt)  of  Tromsd  the  primitive 
rock  appears  in  seyeral  places,  but  always  in  narrower  stripes. 

The  masses  of  the  strata  are  formed  of  grey  and  red  gneiss,  horn- 
blende gneiss  and  hornblende  slate,  hard  micaceous  schist,  mild 
shining  mica-slate  and  qnartzitic  slate.  Also  layers  of  cbloritic 
slate  may  be  found  alternating  with  the  same.  The  strike  goes 
usually  in  the  direction  of  north  and  south,  with  deviations  sometimes 
on  the  one  side  and  sometimes  on  the  other.  The  dip  is  often  con- 
siderable, sometimes  even  vertical,  but  in  other  places  it  is  more 
nearly  horizontal.  The  dip  is  to  the  east  or  to  the  west,  or  sinuous. 
In  some  places  where  the  dip  is  great,  such  strong  sinuosities  may 
repeatedly  occur  in  a  longitudinal  extent  of  some  fbw  hundred  metres. 

From  the  regular  north  and  south  direction  of  the  strike  there 
may  occur  in  some  places  strong  local  deviations,  even  changing  to 
an  east  and  westerly  direction,  in  large  connected  tracts. 

With  this  widely  extended  gneiss  section  there  are  connected 
large  masses  of  granite,  gneissoid  granite  and  granitoid  gneiss 
forming  the  chief  part  of  the  great  Island-group  of  the  coast-tract. 
The  connexion  between  the  purer  gneiss  and  the  granitic  rock  is 
such  that,  in  spite  of  the  strong  petrographio  divergence  between  the 
extreme  links,  there  appears  to  be  every  probability  that  gneiss  and 
granite  with  reference  to  their  common  origin  and  age  belong  to 
one  and  the  same  main  group. 

Gneiss  is  on  the  whole  poor  in  accessory  minerals ;  but  in 
micaceous  gneiss,  red  garnets  are  often  found  in  great  abundance. 
Also  blue  disthene  is  found  in  one  place  in  the  gneiss.  Graphite 
often  appears  in  it  in  the  shape  of  leaves  or  lumps.  In  the  grey 
gneiss  we  find  Fahlbands  with  a  sprinkling  of  Pyrites. 

For  a  more  particular  estimate  of  the  thickness  of  the  primitive 
rock  occurring  here,  the  necessary  data  are  wanting.  That  the 
thickness  is  however  considerable,  appears  from  what  may  be  ob- 
served in  the  occurrence  of  this  rock  in  the  region  of  Ribbeneso  in 
the  parish  of  Karlso. 

The  so-called  primitive  rock  here  treated  of  is  probably  that 
which  may  be  most  likened  to  the  Laurentian  formation  observed  in 
Canada.  This  formation  is  here  supposed  to  be  divisible  into  an 
older  .and  a  younger  section. 

II. — ^The  Tromso  mica-slate  group  occurs  in  the  coast-tract  Island- 

•oup  in  several  places  over  a  greater  or  less  area.  For  instance,  in 
oro,  Loppen,  Vanna,  Ringvatso,  Kvalo,  Senjeno,  Hindo,  while  in 
the  islands  of  Lofoten  and  Vesteraalen  it  is  almost  entirely  sup- 
pressed. But  it  forms  especially  a  very  prominent  link  of  structure 
in  the  mainland  tract  proper  of  the  Tromso  Amt. 

The  mica-slate  group  is  formed  of  mica-slate,  quartzitic  slate,  and 
sometimes  also  hornblende-slate;  but  the  strata  of  greyish- white 
coarse  granular  limestone  are  most  frequently  occurring  and  charac- 
teristic of  the  group. 
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Intercalated  beds  of  a  greenish  actinolite  elate  are  obserred  i 
Tsrioua  places.  In  Tromso  there  are  lai^ers  of  an  eclogitio  rock  alter- 
natiug  with  the  mica-slate;  and  %long  the  Gulleefjord  at  Hiado  of 
gaviiet  rook  alteroftting  with  coarse  granular  limestone.  Alum- 
slate  ia  frequently  found  in  the  mica-slate  section. 
I  The  direction  of  the  strike  in  thia  eection  agreea  approximately 

with  that  observed  in  the  gneias  section.  The  dip  may  be  partly 
east  and  partly  west.  Throngh  a  profile  line  in  an  easterly  direction 
from  the  ooast  to  the  boundary  of  the  realm,  there  occnr  as  mouy  a» 
foar  deTiationa  in  the  direction  of  the  dip. 

As  ooceesory  elements  there  may  be  remarked : 

1)  In  the  proper  ouci-slale: — red  gnmetB,  with  which  the  rock  ia  often  abiiB- 
dantly  sprinkled ;  blue  disthene,  naamlite,  piatoiite,  titiuiite  and  msgnetitu,  irhich 
Jiut  niiDtiral  may  in  some  plaeea  appear  in  the  ajiit^  in  luch  ubundance  u  ifl 
fonn  nn  esential  element  in  place  nt  the  miL-a. 

2)  In  the  ouarae  granuliLr  limostone: — mici,  qaurti,  pvritc«,  graphite,  the  l»t 
mineral  often  ahondantlj  ntiieil  with  the  Mods  in  imall  ieavea  and  EtHpea ;  alto 
tremolite,  often  in  fins  braad  bar-like  aggregatioia  ;  felspar  and  eca^ute. 

3)  In  the  green  amphibolitic  autiiiolite  alate : — Teltow  epidote. 

4)  In  the  amphibelitic  partly  eclogilic  ruuk:— black  hornblende,  inlaid  tike  por- 
phy:;,  magnetite,  quartz,  titunite,  taimnalinc,  pifltaiite,  garnet,  calcaraoiu  epar, 
KKpulite,  apatite  and  oltgoclnBe  (with  twin  itriation). 

.  In  a  quartz  vein  which  traverses  the  oiica-alate  there  has  been 

found  reddish  fluor-spar.      Layers  of  the  Fahlband  abankcter  are 

I  found  in  some  places  eprinkled  with  oopper  pyrites.  The  Ihiokneae 
of  the  group  reaches  up  to  1900  metres.  Petrifnctiona  have  not 
hilhtrlo  lieen  observed.  The  ngo  ia  const ij lien tl^'  umleeidptl.  I'robablj 
it  is  old  Cambrian  (perhaps  analogoits  to  tbe  Iluronian  formation). 

III. — The  slate-field  of  Bnlsfjord  occurs  in  large  connected  tracts 
in  the  interior  of  the  Amt  of  Tromso,  and  further  in  Bonie  of  tbe 
islands  of  tbe  coast  tract,  viz.  Ringvatso  and  Hindo.  The  group  is 
formed  of  a  series  of  layers  of  argillaceous  slate,  argillaceous  mica- 
slate,  shining  slate,  and  hard  slate.  Among  these  there  are  found 
thick  inloyinga  of  a  limestone,  which  ia  partly  coarse-grained  and 
greyish,  partly  bluish-black  and  carboniferous,  and  often  raiher  fine 
grained.  Alum-slate  also  occurs  frequently  between  the  layers  of  the 
slate  group. 

The  limestone  often  contains  much  magnesia  (magnesian  lime- 
stone). Tbe  latter  often  contnins  magnetic  iron,  which  also  appears 
in  more  connected  vein-like  masses.  In  the  quartz-lasers  connected 
with  the  group  there  are  found  in  some  places,  in  druay  oavitiea, 
very  beautiful  rock  crystals. 

Argentiferous  galena  occurring  in  lumps  in  layers  of  quartz  and 
limestoae  is  found  in  one  place,  namely,  the  mountain  district  of 
Eubben  at  Dardo. 

With  the  Group  II.,  as  also  with  the  Group  III.,  there  are  con- 
nected frequent  layers  of  soap-Btono,  in  which  may  be  found  both 
Bitterspar  and  pyrites. 

The  direction  of  tho  strike  in  this  group  is  predominantly  60°  to 
70°,  the  dip  northerly,  usually  slight  nnd  seldom  over  Stf.  Petri- 
factions have  not  been  observed  in  this  group.  The  age  is.  conse- 

^quenlly,  undecided — ptob&bly  younger  Cambrian  {luay  possibly  be 
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designated  as  Taconio).  The  thiokness  of  the  groap  is  oonsiderable, 
but  cannot  at  present  be  ascertained. 

lY. — The  Alten  and  Evoenangen  group  (the  Baipas  system,  Tellef 
Dahll)  appears  most  developed  at  the  bottom  of  the  Altenfjord  in 
West  Finmark,  always  in  wider  and  narrower  stripes  towards  the 
bottoms  of  several  of  the  fjords  of  Eiast  Finmark.  In  the  Amt  of 
Tromso  it  appears  along  the  interior  of  Kvoenangen  well  developed, 
on  the  island  Vanna,  in  the  parish  of  Earlso,  and  again  in  several  - 
places  on  the  mainland ;  but  here  it  is  generally  quite  subordinate. 
The  series  of  strata  of  the  group  is  formed  of  black,  green,  red,  and 
violet  argillaceous  slate,  quartzite  and  reddish  sandstone.  The  most 
significant  link  is,  however,  a  yellowish-white  magnesian  lime- 
stone (Dolomite),  which  occurs  in  layers,  and  in  some  places  may 
attain  a  thickness  of  up  to  30  metres.  The  slate  tracts  of  the  gi'oup 
are  often  traversed  by  veins  of  red  haBmatite  (Iron  mica).  There  is, 
moreover,  a  deposit  of  copper  ore  (cc^per  pyntes  and  variegated 
copper  ore,  erubescite)  connected  with  this  group,  but  specially  only 
in  Uie  diaracteristic  greenstone  formations,  which  frequently  traverse 
the  strata.  The  mining  fields  of  Kaafjord  and  Evoenangen  are  thus 
traversed  by  veins  of  quartz  and  lime  traversing  the  greenstone. 

The  position  of  the  layers  in  the  group  is  most  frequently  charac- 
terized by  strong  sinuosities  and  contortions.  The  thickness  of  the 
series  of  layers  cannot  therefore  be  determined  with  any  great 
degree  of  accuracy.  Neither  have  any  petrifactions  been  found  in 
this  group.    The  age  is  probably  Silurian  (or  Devonian). 

V. — The  Golda  group  (the  Gaisa  system,  Tellef  Dahll)  appears  as 
the  final  link  completing  the  rook  foundation  in  large  connected 
tracts  in  East  and  West  Finmark,  and  can  moreover  be  traced  down 
through  the  interior  of  the  "Amt"  of  Tromso,  along  the  frontier  of 

the  realm  towards  the  south  to  Ovre  Rostavand.  The  series  of  strata 
is  formed  of  clay  and  argillaceous  mica-slate,  mica-slate,  quartz-slate, 
and  sandstone  quartzite,  and  moreover  of  yellow  and  red  sandstone, 
which  completes  the  series.  Inlayings  of  limestone  are,  so  far  as 
has  lutherto  been  ascertained,  entirely  wanting.  The  mica-slate  may 
in  some  places  be  richly  sprinkled  with  small  red  garnets.  No  other 
accessory  component  parts  have  been  observed. 

At  Bescades  —a  mountain  tract  along  the  Alten  river — ^there  appear 
a  few  thick  layers  of  tolerably  pure  graphite  (Tellef  Dahll).  On 
account  of  the  absence  of  petrifactions,  the  age  of  the  group  cannot 
at  present  be  accurately  determined.     It  is  perhaps  Devonian. 

The  groups  of  the  Secondary  period  are  here  quite  unrepre- 
sented,— a  locally  occurring  section  of  the  Jura  formation  at  Ando 
in  Vesteraalen  only  excepted.  Neither  is  there  here  any  represen- 
tative of  the  Tertiary  formation.  On  the  other  hand,  there  are  in 
several  places  formations  from  the  Quaternary  period  along  the  beds 
of  rivers  and  channels,  consisting  of  layers  of  clay  and  sand,  which 
contain  numerous  remains  of  the  shells  of  species  of  Molluscs  which 
are  all  now  living  on  om:  coeists  and  in  our  fjords.  These  formations 
are  observed  up  to  an  elevation  of  about  60  metres  above  the  present 
level  of  the  sea.    The  formations  of  the  Qua\;eimiaT^  '^^fv^  ^x^ 
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plcted  by  the  banks  of  fibellfl,  that  is,  by  a  layer  of  about  two  mfetres 
thick  eatirely  composed  of  romains  of  shells  of  species  of  Molluscs 
now  living.  These  banka  of  Bhelis,  of  which  the  formation  is  still 
progressing,  ore  observed  up  to  an  elevation  of  about  10  to  12  metres 
above  the  present  aea-level.  Moreover,  it  may  be  remarked  in  this 
roB|)eat  that  on  many  points  along  the  coast  there  is  found  pumice- 
stone  washed  up — in  some  places  even  in  great  quantities  ;  which 
I  is  still  at  this  day  continually  washed  up  by  the  sea-currents,  lo  an 
elevation  of  about  26  metres  above  the  present  sea-level. 
Tliroughout  the  Quaternary  peiiod  the  land  has  been  subjected  to 
&Q  upheaving  of  about  120  metres,  and  this  elevation  has  been  con- 
tinued down  to  the  historio  time.  Aa  to  whether  the  land  is  stiU 
rising  there  is  no  positive  evidence  existing.  In  any  case,  it  is  cer- 
tain that  the  elevation  during  the  last  1000  years  has  been  quite 
insignificant.  When  it  is  stated  in  bo  many  quarters  as  a  geological 
fact,  that  the  northern  part  of  Norway  rises  about  one-third  of  a 
m^tre  in  a  century,  this  rate  is  evidently  much  too  great. 

With  respect  to  the  question  whether  the  elevation  noticed  during 
the  Quaternary  period  has  taken  place  by  sudden  impulses,  or  evenly 
and  slowly,  it  is  in  any  case  certain  that  the  land  as  regards  the  last 
ten  metres  has  risen  slowly  and  regularly. 

The  unstratified  rocks  wbich  break  forth  through  iixe  tiactfl  of 
country  here  noticed  are — 

1.  The  gneissoid  granite  of  the  coast-tract,  which  forms  rela- 
tively the  greatest  part  of  the  groups  of  islands  of  the  coast-tract.  It 
appears,  sometimes,  as  a  striped  granite ;  sometimes  as  a  granite 
gneiss  and  as  gneiss  granite  ;  hut  often  also  as  pure  granite,  tlirough 
ell  possible  transitional  forms  from  gneiss  to  pure  granite.  The 
felspar  is  usually  formed  of  reddish  orthoclase,  but  oligoclase  occurs 
also.      The  mica  is  most  frequently  brown  magnesian  mica. 

In  some  places  hornblende  takes  the  place  of  the  mica ;  and  the 
rock  then  goes  over  to  hornblende-granite.  Bed  garnets  are  found 
in  some  places  in  the  gneissoid -granite.  Magnetite  and  pyrites 
are  frequent  accessory  minerals. 

The  gneissoid  granite  is  often  traversed  by  layers  of  quartz,  which 
are  sometimes  thick.  In  one  place  the  granite  is  found  traversed  by 
veins  of  carbonate  of  lime.  The  gneissoid  granite  forms  most  fre- 
quently wild  mountain  tracts,  whence  there  shoot  up  series  of  peaks 
and  pinnacles,  the  shapes  of  which  are  often  very  wonderful.  Some 
of  these  may  reach  to  a  heiglit  of  about  1300  metres.  Open  ways 
or  tunnels  traverse  many  of  the  mountains  that  are  formed  of 
gneissoid  granite.  Some  of  these  tunnels  are  situated  at  an  elevation 
of  about  600  metres  above  the  sea-Ievel. 

2.  Inland  Granite. — Various  larger  and  smaller  granitic  masses 
crop  up  in  the  interior  as  well  in  the  Amt  of  Finmark,  as  in  that  of 
Tromso.  The  Inland  granite  in  the  Amt  of  Tromso  may  often  he 
regarded  as  an  oligoclase  granite  :  oligoclase  being  here  often  found 
tolerably  predominant  by  the  side  of  orthoclase. 

3.  Gabbro  or   Hyperslhenite   crops  out   in  thick  masses  in   the 
IfcJiojfliern  part  of  the  Amt  ol  Ttoiawi.aa  a\sQ  in  West  Finmark.     The 
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thickest  of  these  massee  forms  the  Gbbhro  field  of  Lyngen,  extending 
from  the  hottom  of  BslsQord  in  a  sooth  and  north  direction,  between 
Ul&Qord  and  LjngenQord,  to  a  loigdi  of  about  nine  geographical 
miles,  and  with  an  average  breadth  of  about  one  mile.  The  islands 
of  Kaagen,  Amo,  Seiland,  and  Soro  are  likewise  trsTersed  by  con- 
siderable coorses  of  Gabbro.  Moreover,  Gabbro-like  masses  of  a 
more  subordinate  diaracter  break  forth  in  the  gneissoid  granite  of 
the  coast-tract 

The  land  tracts  formed  of  Gabbro  are  in  the  highest  degree  wild 
and  ragged.  In  this  respect  the  Gabbro  coarse  of  Ljngen  is  par- 
ticularly remarkable,  shooting  up  in  an  infinity  of  peaks  and  inac- 
cessible pinnacles,  of  which  some  attain  a  height  of  about  2000  metres. 

The  Fel^r  of  the  Grabbro  is  formed  of  plagioclase  (Labradorite 
and  anorthite) — a  form  whidi  G.  Bose  termed  eucritic — some- 
times of  Saussurite  (Saossorite  Gabbro).  The  augitic  elemoit  is 
partly  diallage,  partly  also  hypersthene.  Sometimes  the  rock  may 
also  go  over  to  a  homblende-gabbro.  Olivine  is  a  tolerably  frequent 
mixture.  Magnetite,  Titanic  iron,  and  Pjrrites  are  frequently  found 
in  the  rock ;  sometimes  also  copper  pyrites  and  apatite. 

A  smaller  mass  of  Gabbro  breaking  forth  in  die  west  side  of  the 
great  Senjen  island  is  traversed  by  a  thick  vein  of  magnetic  pyrites 
mixed  with  copper  pyrites.  The  magnetic  pyrites  contains  here 
2  to  3  per  cent,  of  nickeL  The  important  nickel  works  of  Berg 
are  situated  on  this  lode.  Masses  and  courses  of  serpentine  are 
often  connected  with  the  Gabbro.  The  serpentine  is  here  probably 
only  a  transformation  product  of  the  Grabbro. 

4.  Greenstone — sometimes  more  coarse-grained,  sometimes  fine- 
grained— is  frequently  found  connected  with  the  Baipas  group  in 
Alten  and  Kvoenangen,  and  on  the  island  of  Vanna,  in  the  parish  of 
Karlsd.  The  chief  elements  of  the  rock  are  hornblende  and  plagioclase. 
The  stone  is  often  traversed  by  stripes  of  yellow  epidote,  sometimes 
associated  with  calc-spar  and  scapolite.  Mica,  apatite,  magnetic  iron, 
pyrites  and  copper  pyrites  are  not  seldom  found  as  accessory  minerals. 

The  greenstone  does  not  form,  like  the  Gabbro  and  Hypersihenite, 
deep  mountain  courses,  but  appears  usually  in  a  more  subordinate 
form,  either  in  small  hills,  or  breaking  forth  between  the  layers  of 
the  Baipas  group,  and  often  covering  the  same  in  more  or  less  plate- 
like masses. 

o.  Olivine  rock — an  independent  rock — appears  in  two  places  in 
the  Amt  of  Tromso,  namely,  on  the  high  plateau  immediately  to  the 
north  of  Tromsdalstind,  and  also  at  Skutvik  lake,  on  the  peninsula 
between  Malangen  and  BalsQord.  In  these  two  places  it  forms  large 
isolated  hillocks  of  more  than  30  metres  in  height  The  olivine  stone 
is  a  beautifid  rock  of  olive-green  colour,  inlaid  with  enstatite.  It 
exhibits  everywhere  a  transition  to  serpentine.  Also,  greenish  talc 
may  be  found  in  the  rock  as  a  transformation  product. 

6.  Serpentine  appears  in  various  points  in  the  tract  here  noticed 
— partly  as  independent  masses  in  isolated  hillocks,  and  partly  in 
connexion  with  the  Gabbro  as  a  transformation  product  Chromate 
of  iron  is  never  observed  in  the  serpentine  here. 
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Of  the  niaaHos  horo  named  there  is  some  probabili^  tliat  tiw 
gueiasoid  granite,  with  the  connected  maeaeB  of  purer  granite,  is  a 
metamorphosed  rook  connected  with  the  undoubtedly  origiual  sedi- 
mentaiy  gncisa  of  the  coast-tract,  and  thus  formed  at  the  itame  time 
as  the  stratified  masses  of  the  latter,  and  in  the  miuu  under  similar 
otrcumstjuices. 

On  the  other  hand,  the  inland  granite  is  presumably  of  irruptive 
origin.  So  considered,  it  is  younger  than  the  mica-slate  group,  the 
stratified  masses  of  which  it  has  pierced,  but  older  than  the  slate- 
field  of  the  BalsQord,  the  stratified  raasses  of  which  lie  over  the 
granite,  olten  with  a  slight  angle  of  indinatian,  without  any  aab- 
Be(]ueiit  intrusion  being  anywhere  olHervable. 

The  Gflbbro  and  the  hypersthenite  break  through  the  mica-slate 
group,  and  partly  also  the  BalsQord  sUto  group,  and  'are  therefore 
younger  than'  those,  but  older  than  the  Itaipns  group.  The  green- 
stone which  traverses  the  Baipaa  group  is  younger  than  it,  but 
older  than  the  Gaisa  group.  We  have,  therefore,  here  to  distingnisb 
between  the  older  Qabbro  and  the  younger  greenstone  (younger 
Gabbro). 

The  age  of  the  olivine  rock  onnnot  be  accurately  determined.  It 
is  probably  older  tban  the  Tromso  mica-slate  group. 

Ilie  following  synoptical  table  will  assist  in  elucidating  this 
wt^eot; —  r^ 

A. — BntATinaD  Q  roups.  -^^^ 

I.  PrimitiTB  rock  (probobly  Lfinrentian). 

II.  TruniNJ  mioB-fllnto  cruu[i  (ptiibflblv  Hiiri.nmnV 

III.  liiilsfjnrd  Blatt-field  (younger  Cam'brian.  pmbablt  Tnconian). 

IV.  The  AltcD  and  Kvfcnanf^cn  group  (Raipas  ^up),  Silurisn. 
V.  Golds  gronp  (Gaisa  syiitvni),  perhaps  Di'voaian, 

VI.  Juru  formation,  a  quite  locally-appeaTiiig  section  at  Alid6,  with  coal  layers 
(Ammoiiileii,  Bi'lvmnilee,  I'ecten,  etc.). 
VII.  Quatemari'  Jormation  : — 

iU)  Glacial  period. 
Ifi)  Poat-glacial  period. 
Ij  Older  section. 
2)  younger  section  (the  Gulf-atream  period). 

B.  — Us  BT»4TtPlEU. 

I.  Gneiesoid  granite  (Laur«ntian). 


le  (post-Silur 
V.  Serpentine. 
VI.  Olivine  Blono. 


n. — On  the  Cbetaobods  Aporrbai'd^. 

BjJ.  Staheie  Gardheii,  F.Q.S. 

(PLATE  XII.) 

{Chnlinued  from  pagt  298.) 

When  I  commenced  those  notes  at  the  beginning  of 
expressed  a  regret  that  "  I  cannot  include  the  Aptieo  ani 
species,  hut  the  collections  at  present  open  to  me  are  too  meagre  to 
give  anything  like  a  complete  account  of  them.  ...  I  have  also 
reason  to  Kdieve  that  many  undescribed  species  exist  from  the  Upper 
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Greensandy  Chloritio-marl,  and  Chalk,  in  cabinets  which  I  have  not 
yet  seen,  and  I  should  be  obliged  to  any  one  who  would  inform  me 
of  them." 

I  have  made  an  endeavour  to  supply  this  want  of  information,  and 
in  reply  to  the  hope  I  expressed,  that  my  attention  might  be  directed 
to  collections  I  had  not  seen,  I  had  kindly  sent  to  me  specimens  by 
Mr.  C.  J.  Meyer,  Mr.  Jukes  Brown,  and  Mr.  E.  B.  Tawney.  I  have 
also  been  able  to  see  the  Cunnington  collection-,  which  a  month  or  two 
ago  was  purchased  by  the  Gk>vernment,  and  lodged  in  the  British, and 
Jermyn  Street  Museums.  Instead  of  confining  myself,  as  I  at  first 
intended,  to  the  Gkiult  of  Folkestone,  I  can  also  now  include  the 
Neocomian  and  the  Grey  Chalk,  from  which  I  have  recently  collected 
specimens  myself.  The  result  of  the  additional  information  I  have 
thus  gained  is  that  I  am  now  in  the  position  to  ofifer  a  different 
grouping  from  that  which  I  have  already  suggested. 

My  proposed  grouping  now  is  given  on  page  394. 

On  Dimobphosoma. 

When  I  first  described  the  series  of  specimens  of  AporrhaU 
calcarata,  Sby.,  I,  in  common  with  others,  was  led  to  consider  them 
local  varieties,  which  were  the  result  of  local  conditions  of  sea. 
This  is  a  natural  inference  at  first  sight ;  for  while  there  is  so  great  a 
similarity  in  the  apical  whorls,  the  invariably  bicarinated  body- 
whorl,  the  simple  wing,  and  the  more  or  less  ribbed  spire,  which  are 
common  to  all  the  specimens,  it  is  not  so  apparent  that  the  minor 
characters  are  constant. 

A  suggestion  of  Mr.  Meyer's  has  led  me  to  carefully  inspect  a 
large  number  of  specimens,  many  of  which  he  has  kindly  lent  me 
himself.  My  information  has  also  been  extended  by  my  recently 
finding  three  distinct  species  in  the  Chalk  near  Dover.  Besides  the 
easily  recognizable  consent  characters  mentioned  above,  the  characters 
which  I  regarded  as  varietal  I  now  find  to  be  also  constant  through- 
out all  the  large  number  I  have  seen,  and  I  therefore  now  consider 
them  to  have  specific  value.  These  characters  are  given  seriatim 
further  on. 

Still  more  important  is  the  suggestion  I  am  about  to  make  that 
this  group  ought  to  be  recognized  as  constituting  a  separate  genus, 
possibly  indeed  it  may  have  to  be  regarded  as  a  separate  family.  I 
suggest  this  on  the  ground  of  what  I  suppose  to  be  their  mode  of 
growth. 

Mode  of  Orowth, — All  specimens  of  the  fry  are  seen  to  be  keeled 
and  without  transverse  ribs :  with  the  third  or  fourth  whorl  a  wing 
process  is  developed,  and  in  most  cases  these  whorls  become  ribbed. 
This  early  development  of  the  wing  and  its  persistence  throughout 
the  whole  growth  of  the  shell  is  a  very  unusual  character.  In  the 
families  of  StrombidoB  and  AporrhaidcB  the  wing  is  produced  only 
after  the  shell  has  attained  its  adult  stage,  at  which  time  the  growth 
of  the  shell  is  confined  to  forming  and  thickening  the  wing  in  suc- 
cessive layers,  instead  of  increasing  the  number  of  whotU. 
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Their  mode  of  growth  seems  to  me  to  have  been  as  follows,  which 
is  entirely  different  from  that  of  any  known  recent  shell.  The 
animal  had  the  power  of  absorbing  the  upper  or  dorsal  layers  of  the 
wing  at  the  same  time  that  the  ventral  layers  were  deposited,  in  the 
same  manner  that  the  cowry  removes  the  internal  layers  of  its  shell 
wall,  and  deposits  new  layers  externally  with  its  overlapping  mantle. 
In  support  of  the  idea  that  the  wing  follows  the  aperture  of  the 
shell,  and  is  continuously  absorbed  behind  by  the  left  edge  of  the 
mantle,  I  have  seen  in  many  of  the  specimens  in  Mr.  Meyer's  collec- 
tion, that  when  small,  oysters  have  grown  on  the  back  of  the  shell,  so 
as  to  interfere  with  the  possibility  of  the  absorption ;  the  old  wing 
has  been  simply  left  behind,  and  an  entirely  new  one  developed.  The 
figures  which  illustrate  this  are  PI.  XII.  Figs.  12, 12a,  126.  The  ribs 
were  deposited  after  the  formation  of  the  whorl,  by  Ibe  ixmi^T  xsxas^c^^.^^ 


^ 
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the  mantle,  and  possibly  they  irere  fonuod  of  tho  Toaforial  nbeoH^  ' 
from  the  wing.  There  is  a  oae*  rcoorJed  by  Mr.  J.  Gwyn  Jefiireys 
wKicb  is  of  interest  aa  throwing  a  8ide  light  on  this  subject.  Speak- 
iiig  of  FUuroUma,  be  writes  :  "  A  aiiecimen  in  ray  cabinet,  from  the 
body-wborl  of  which  a  largo  piece  had  been  taken  away  at  one  time, 
exhibits  a  pecaliar  sort  of  repair;  tho  renewed  portion  has  no  trace 
of  longitudinal  ribs,  although  the  spiral  sculpture  is  replftoed,"  ' 

If  the  growth  was  as  I  suggest,  it  follows  that  the  ribs  are  not 
homologous  with  the  vftrical  ribs  of  Scalaria.  Mr.  Reeve  and  others 
have  long  einca  drawn  attention  to  tbo  solvent  properties  of  the  juices  | 
of  C^prcea,  Conns,  etc, ;  whilst  Murex  and  other  varicose  Oasleiopoda 
have  the  [tower  of  removing  portions  of  the  varices  or  spines  of  the 
last  formed  whorl,  which  would  obstruct  the  growth  of  tho  over- 
lapping succeeding  whorl.  Many  Cerithia,  which  in  their  younger 
stages  have  dilated  lips  or  recurved  canals,  surely  must  posaess  this 
power,  and  this  remark  also  applies  to  Prraonn.  Ca»»it:.  Typhis. 
BieiniJa,  etc  A  different  opinion  ia,  however,  held  by  Mr.  Gwyn  i 
Jeffreys,  who.  for  no  reason,  as  far  as  X  can  find,  that  he  has  given, 
objects  to  this  view.'  In  the  present  ease  wo  must  suppose  the  mantle 
to  have  been  spread  as  in  S^(^o(jrj)u«(PyruI<t)_^u«.  btit  still  conforming 
to  the  shape  of  the  shell,  which  enabled  it  to  absorb  from  the  dorsal 
side.  It  seems  doubtful  whether  the  form  of  any  of  the  recent 
winged  families  would  enable  them  to  produoe  their  shells  in  this 
manner. 

Genus  DiMORpnoBoMA/  Gardner. 
Shell  fusiform,  with  dilated  wing,  spire  elongated  ;  always  pos- 
sessing two,  rarely  three  keels,  which  are  generally  obscured,  except 
on  tho  apex  and  last  whorls,  by  transverse  ribbing;  whorls  numerous, 
usually  finely  striated,  sometimes  smooth,  either  keeled  or  ribbed 
transversely ;  apex  more  or  less  obtuse ;  ajwrture  narrow ;  with  a 
long  or  short  canal  in  front ;  outer  lip  expanded  into  a  simple  grooved 
digitation.     The  wing  attached  to  the  last  two  whorls  only. 

DiMOHpnosOMAKiNCLiapiRA.'Garduer.Neocomian.  PI.  Xn,  Figs.  1,1a. 
Shell  elongated  ;  apes  obtuse;  whorls  7  or  8,  inflated  and  rounded, 
ornamented  by  numerous  longitudinal  oblique,  flexuous  ribs,  extend- 
ing to  tho  sutures.  Tlie  ribs  vary  in  number  and  prominence,  there 
being  about  twenty  and  fourteen  respectively  on  the  penultimate 
whorls  of  the  two  known  specimens ;  they  are  crossed  by  numerous 
distinct,  irregular  raised  spiral  strire,  which  are  seen  with  an  inch 
power  to  be  angulated.  The  upper  side  of  the  last  whorl  is  destitute 
of  ribs,  but  has  a  very  salient  median  keel,  and  a  second  subordinate 
keel  in  front ;  one  of  the  spiral  lines  between  the  keels  is  more  dis- 
tinct than  the  rest.  The  canal  appears  to  have  been  long ;  the 
margin  of  the  outer  lip  in  front  of  the  wing  is  angulated ;  the  wing 
is  simple,  strong  and  ridge-like,  projected  slightly  downwards. 
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Found  in  the  Cracker  rocks  at  Atherfield.  Described  from  two 
specimens  in  the  Jermyn  Street  Museum. 

DiMOftFHOsoMA  AnoTLOOHiLA,^  Gardner.  Neooomian.  PI.  XII.  Figs.  2, 2a. 

Shell  elongated ;  whorls  6  or  7,  very  angulated,  their  median  keel 
tabercolated,  sutural  keel  plain,  intervals  smooth,  without  spiral 
stiiaa.  The  last  whorl  possesses  two  angular  keels;  the  posterior 
ccmsiderably  predominating,  and  the  anterior  being  the  sutural  keel 
of  the  spire ;  the  greater  keel  is  continued  into  the  wing.  The  wing 
18  narrow,  simple,  thick  and  angular  like  a  roof-ridge ;  for  some  dis- 
tance it  is  at  right  angles  to  the  axis  of  the  spire,  and  then  curves 
gnduaUy  upwards,  slighfly  expanding  at  the  point  of  curvature. 

Found  in  the  Cracker  rocks  at  Atherfield.  Described  frdm  a  single 
specimen  in  the  Jermjn  Street  Museum. 

DncoBPHOSOMA    puBUBOSPiRA,'    Grardncr.       Neocomian.    PL    XU. 

Figs.  3,  3a,  4. 

Shell  elongated ;  whorls  7  or  8,  last  two  rounded,  upper  whorls 
angnlated,  possessing  three  keels.  On  the  upper  whorls  the  first 
keel  is  strong,  salient,  and  tuberculated,  with  9  or  10  tubercles  on 
each  whorl ;  the  second  keel  is  indistinct ;  the  third  is  well  marked 
and  sutural ;  on  the  penultimate  whorl  the  two  keels  assume  about 
eqoal  prominence,  the  upper  one  being  still  faintly  tuberculated; 
the  last  whorl  has  all  three  keels  well  developed,  the  median  one 
being  least  prominent.  The  wing  c^pears  to  be  strong,  and  projected 
slightly  downward.  The  shell  is  unusually  destitute  of  spiral  striae. 
Under  the  microscope  faint  transverse  structural  lines  are  visible. 

This  qpecies  is  found  in  the  Lower  Greensand  at  Peascmarsh. 
Mr.  C.  J.  A.  Meyer  has  several  specimens  in  his  collection,  the  most 
perfect  of  which  are  selected  for  illustration. 

DiMOBPHosoHA  VKCTiANA,  Gardner.     Aptien.     PL  XII.  Figs.  5,  6,'  7. 

{Insula  VeetU,  Isle  of  Wight.) 

Shell  elongated;  whorls  6  or  7,  angulated;  upper  keel  replaced  by 
rather  produced,  elongated  tubercles,  except  on  the  last  whorl; 
sutural  keel  smooth  and  distinct ;  last  whorl  with  two  salient  keels, 
rather  close  together,  the  posterior  being  the  more  prominent ;  spiral 
strisB  none,  except  on  the  dorsal  side  of  the  anterior  canal ;  the  wing 
is  simple  and  curved  upward,  elongate,  and  narrow ;  anterior  canal 
moderately  long. 

Found  at  Shanklin,  in  the  Folkestone  beds  of  the  Lower  Green- 
sand.  Mr.  Meyer  has  kindly  shown  me  about  a  dozen  specimens  in 
his  collection,  three  of  which  are  selected  for  figuring.  Fig.  7  is 
from  a  cast  only,  the  shell  having  broken  away ;  the  canal  and 
wing  process  are,  however,  well  preserved. 

DiMORPHosoMA  sp.  ?     Apticu.     PL  Xn.  Fig.  8. 
A  cast  of  an  Aptien  species  with  expanded  wing  is  represented  at 
Fig.  8.    It  is  probably  distinct  from  that  described  above,  and  is  from 
the  same  locality. 

^  kyKvXis^  a  hook.  '  irAcvpo,  a  rib. 
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DiMOEPHOsoMi  CALOABATA,  Sby.  Blaokdown  beds.  PL  T.  l^gs. 
7,  la,  15,  15a;  PI.  XU,  Figs.  9,  9o,  10,  11,  12.  12o,  126. 

Shell  elongated,  slightly  pupiefoni) ;  whorls  7  or  8,  rounded  but 
slightly  flattened ;  keels  totJUly  obscured  by  ribbing,  except  on  the 
dorsal  side  of  the  last  whorl  and  on  the  apex ;  ribs  oblique,  flexiioos, 
thick  and  regnlar,  with  a  tendency  to  form  Taricea,  17  or  18  on  the 
penultimate  whorl ;  apex  minute,  obtuse  with  rounded,  smooth  whorls, 
carinated  at  their  base.  Body- whorl  distinctly  striated,  with  a  strong 
rounded  posterior  keel  and  subordinate  anterior  keel,  one  of  the 
strife  below  the  anterior  keel  being  more  prominent  than  ths  retit; 
no  ribs  on  the  dorsal,  but  ribbed  on  the  ventral  side.  The  principal 
keel  is  conftnued  on  to  the  wing  in  the  form  of  a  ridge  ending  in  a 
sharp  point.  The  wing  is  simple  and  more  expanded  than  in  the 
other  associated  Bloekdown  species,  projected  nt  first  at  right  angles 
to  the  axis  of  the  spire,  and  then  curving  rather  abruptly  upward, 
terminates  in  a  point  three-fourths  of  the  height  of  the  spire;  margin 
entire,  region  above  the  rib  narrow  and  thickened.  Outer  lip  ex- 
panded  into  the  wing,  thickened  internally  into  a  second  triangular 
spoon-shaped  Up,  smooth ;  inner  lip  thick ;  aperture  narrow ;  canal 
short. 

This  species  is  that  originally  described  by  Sowerby.  Its  history 
is  given  at  page  129  of  this  Maoazink.  It  is  found  at  Blackdown. 
Hr.  Heyer,  who  has  kindly  given  me  the  opportunity  of  examining 
the  many  hundreds  of  speeimene  in  his  collection,  informs  me  that 
thia  shell  is  nhtiut  five  tii.ies  morei  nuiiicrouB  than  that  next  depcriliod. 
with  which  it  is  found  associated.  It  is  just  possible  that  this  may 
bo  the  male,  and  D.  negleeta  the  female,  as  in  Fustia,  an  allied  family. 
Mr.  Gwyn  Jeffreys  remarks  :  "  Of  many  hundreds  of  specimens 
vhicli  I  have  examined,  the  males  were  more  numerous  than  the 


DiMORPHosoMA  NEOLECTA,  Tate.  Blackdown.  PI.  V.  Figs.  8,  8a,  9, 16; 
PI.  XII.  Figs.  13, 13a,  14,  15. 
Shell  resembling  in  form  that  of  the  species  last  described  ;  whorls 
7  or  8,  ventricoso,  sUghlly  angulate,  keels  visible  on  all  eicept  those 
near  the  apex  ;  region  aliove  the  keel  nearly  smooth  or  with  spiral 
lines;  that  below  marked  by  fine  straight  oblique  ribs,  which  do  not 
quite  reach  to  the  suture,  but  impress  the  median  keel;  they  are 
crossed  by  3  or  4  strong  strise,  and  tliere  are  2  or  3  more  striw  nearer 
the  suture.  The  number  of  these  spiral  strire  and  the  prominence 
of  the  ribbing  aie  moat  variable,  the  ribs  being  sometimes  scarcely 
present,  but  generally  most  strongly  developed  on  the  penultimate 
whorl ;  they  may  usually  be  seen  on  (he  dorsal  side  of  the  last  whorl 
in  the  form  of  small  oblique  tubercnlalions  crossing  the  keel.  The 
wing  is  at  first  constricted,  notched,  with  a  single  tooth  in  the  notch, 
and  tlicn  expanded  and  curved  upward — never  having  the  triangulate 
inner  thickening;  in  one  specimen  figured,  PI,  V.  Fig.  IG,  it  is 
bifurcate. 

'  J.  G.  Jeffreys,  vol.  it.  p.  S37. 
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It  is  found  at  Blaokdown,  where  it  is  less  common  than  D.  edlearata. 
An  examination  of  a  Tery  large  series  of  specimens  fails  to  show  any 
decided  intermediate  form  between  the  two  species.  Mr.  B.  Tate,  in 
the  Geol.  and  Nat.  Hist  Repertory,  Sept  1865,  separated  it  as  a 
variety  of  AporrhaU  ecUcarata,  under  the  name  of  A.  negleeta. 

DmoBPHOsoMA  TOxooHiLA,^  Qardner.     Gault     PI.  Y.  Figs.  10,  12. 

Shell  elongated ;  whorls  7  or  8,  rounded,  inflated ;  keels  obliterated, 
except  on  apical  and  body- whorls,  other  whorls  ribbed;  ribs  pro- 
nounced, more  or  less  oblique  and  flexuous,  about  a  dozen  on  each 
levolution ;  sutures  keeled  ;  apex  rather  obtuse,  composed  of  three 
smooth  angulated  whorls,  with  a  strong  keel  rather  anterior  to  their 
oentre.  The  last  whorl  is  striated,  and  has  two  keels,  the  posterior 
being  the  more  prominent ;  on  the  ventral  side  the  region  above  the 
posterior  keel  is  ribbed.  The  inner  lip  is  incrusted  round  the 
aperture,  the  mai^  of  the  incrustation  being  sharply  defined  ;  the 
outer  lip  is  prolonged  into  a  very  long,  curved,  narrow,  and  simple 
wing,  grooved  ventrally,  carinated  above.  The  wing  is  straight  for 
a  quarter  of  an  inch,  and  is  then  curved  rather  suddenly  upward, 
exceeding  the  spire  in  length.  Anterior  canal  long  and  nearly 
straight ;  aperture  narrow.  This  shell  is  more  elongated  than  the 
Lower  Gault  species.  It  is  found  in  the  beds  immediately  above  and 
below  the  mottled  bed  in  the  Folkestone  Gault,  where  it  is  rare.  The 
beds  are  numbered  5  and  7  by  Mr.  F.  G.  H.  Price.  It  is  more 
elongate  and  slender  than  the  Lower  Gault  species. 

DiMOBPHOSOMA  DOBATOOHiLA,'  Gardner.     Gault. 

Shell  moderately  elongated  ;  whorls  6,  sometimes  7,  convex,  finely 
and  distinctly  striated  ;  keels  obliterated  except  on  apical  and  body- 
whorls  ;  the  third  whorl  is  both  keeled  and  ribbed,  the  other  whorls 
are  ornamented  by  numerous  oblique  and  flexuous  ribs;  sutures 
raised,  sometimes  hidden ;  apex  formed  of  three  broad  and  very 
obtuse  angulated  whoris,  which  are  smooth,  with  a  strong  median 
keel.  The  body-whorl  has  two  keels,  the  posterior  being  the  more 
prominent;  the  posterior  region  is  slightly  ribbed  ventrally;  the 
whorl  is  strongly  striated,  especially  that  part  anterior  to  the  keels. 
The  wing  is  long,  narrow,  simple,  forming  an  acute  ridge  above ;  it 
is  curved  gradually  upward,  and  terminates  in  a  sharp  point.  The 
aperture  is  narrow,  and  is  incrusted  immediately  round  the  colu- 
mellar  lip  ;  the  outer  lip  is  toothed  ;  the  wing  is  applied  to  the  last 
whorl  only ;  the  anterior  canal  is  long  and  straight. 

The  history  of  this  species  is  given  at  page  129,  it  is  confined  to 
about  a  single  foot  of  the  Gault  of  Folkestone  (bed  2  in  Mr.  Price's 
paper),  and  has  not  been  met  with  elsewhere. 

DiMORPHOSOMA    OPEATOOHILA,^     Gardner.      Grey  Chalk.    PI.   VII. 

Fig.  9. 
Shell  very  elongated ;  whorls  rounded,  probably  nine ;  striated ; 
keels  entirely  obliterated,  except   on  the  body-whorl;    ribs  ten  or 
eleven  on  each  whorl,  reaching  to  the  sutures.     Last  whorl  having 

^  r^oVf  a  bow.  '  B6pv,  a  spear.  ^  5irc&5,  an  awl. 
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two  keels  of  nearly  equal  prominence,  etriated  between.  Wing 
Bimple,  long,  narrow,  awl-sLaped ;  aperture  naiTow ;  anterior  canal 
Bbort.  onter  lip  sinuous. 

This  shell  differs  from  the  fignreB  of  B.  calearala,  componta,  and 
tlenopCera  of  German  authors  in  the  length  of  the  wing  and  want  of 
ribs  crossing  the  keels  on  the  last  whorls.  It  was  found  in  the  cast 
bod  of  tlie  Grey  Chalk,  at  Lyddenspout,  between  Folkestone  and 
Dover,  and  is  described  from  a  single  specimen. 

DiMOBPHosoiiA  BPATHOcnrLA,'  Gardner.  Grey  Chalk,  PI.  VIL  Fig.  10. 

Shell  elongated,  tnrreted,  whorls  with  few  very  prominent  oblique 
ribs,  body-wLoi'l  with  two  keels ;  wing  simple,  at  first  couetncted, 
then  widening  into  a  bladebone- shaped  expansion ;  the  channel  in 
the  wing  is  nearly  straight,  and  forms  an  angle  of  7(F  with  the  axis 
of  the  spire  ;  the  wing  was  probably  twice  the  length  of  the  speci- 
men fignred,  and  was  pointed  as  usual  in  this  gronp.  Aperture 
narrow,  anterior  canal  short,  and  connected  with  the  wing  by  an 
expanded  outer  lip,  with  sinuous  margin.  The  form  of  the  canal  aud 
the  connecting  lip  is  similar  to  that  in  D.  opeatochila,  and  is  an 
ntheg 


EXPLANATION  OF  PLATE  XIL 

.  Neoeomiso,  AtlictfieU. 

-/'.  Lueli/p/ya.     Kiilsi^Jd'ti 
Fio.    2.-1'.  aimilochih,  Giiribir!     From  Ihe  JtrniTn  Street  Museum.  Mh 
FlQ.    2a.~lJ.  ancyiochila.     Eulur),'ed  tiriue. 

Fto.    3. — />■  plciiroipira,  Ganlner.     rJeocomiiui,  Peascmareh.    Mr.  Me^cr. 
FlQ,    3ii.— i>.  pirarotpira.     Eulurgcd  twice. 
Fia.    i. — Another  spvcimcn. 

Fio.    S.— fl.  irrdai.B,  (Jnrdner.     Aplien.     Shnnklin,  We  of  Wipht. 
Fio.    S.— A  «1icll  vntar^d  twice,    tibiiliklin.  Isle  of  Wight. 
Fio.    7. — A  nut  of  tkv  eimie,  showing  length  u1'  wing  and  canal. 
FiQ.    8. — hiimrphiimiiw  f^.  ?     With  eipuncied  wing.     From  the  name  locJ 
Fio.    9.—D.  ealmnu,  Shv.    Mlnckdown  beds.     From  Mr.  Meyer's  cnUoi-t 
Fio.    9a, — 1>.  ealciiraU.    tnlai^ed  twice. 

Fio.  XO.—I).  takiirata.    Showing  npertiirc  with  internal  tliiekcning. 
Fio.  1  \.—D.  ealeaiaia.    To  show  length  of  eannl,  whieh  is  usually  broken 
Fio.  12,  12n,  124.— i).  calcnnl-.     To  show  win"  with  inlCTTupted'groHlh. 
Fio.  13,— /v.  ntgl/eta,  Tnte,     Blackdown  bed.    Mr.  Meyer. 
Flo.  13n.— /).  nn/ircla.     Enlarged  Iwico. 
FlO.  14. — JJ.  Btflrela.     An  old  apecimen. 
FiQ.  16. — J>,  HrgUela.     Showing  aperture. 

Fio.  10.— i).  ioXMhita,  Gardner.    Gunlt,  Folkestone,    Author's  cabinet. 
Fio.  16iJ. — It.  loxorAila.     Enlarged  twice.     Author's  cnbinet. 
Fio.  17. — h.  torecAila.    Another  specimen.    Author's  cabinet, 
Fio.  18.-/,'.  iloiuloeiiia,  Gardner.     Gnult,  Folkestone. 
Fio.  18o.- J*.  lim-aleeliWi.     Enhirppd  twice. 
Flo.  IB,  20.— Other  specimens  ol  same  species.     Nat.  siie. 
Fio.  21. — li.  dinaioihiln.    Shows  deulicniated  aperture. 
Fin.  21n.— Suine  enlai^. 

Fio.  11.— Tl.  doialochila.  Apei  leiT  much  enlarged. 
FiQ.  23.- A.  r.pr<,i.vAi/a,  Gardner.  'See  also  Plate  V. 
Fio,  24. — Aporrha'ii  ?  sp.  noi.     Grey  Chalk,  Dover. 

'  trd&ii,  a  blade. 
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IIL — A  Chaftxx  e?  ths  Histost  of  Metsciutbs. 

Bt  Waltxe  Fught,  D.Sc^  F,G.&* 
Of  tike  DcptnuMBt  of  MiMxmk^.  Bntit^  Mqunui. 

,TLATK  XI,) 

Found  1840.— Henudga,  Betert  of  Tarmpaea,  Chili.^ 

Greg,'  and  likewise  Heddle,  found  cavities  in  cortain  iK^rtion«  of 
this  iron,  some  of  the  size  of  a  pea.  which  are  filKHl  with  motaUio 
lead ;  this  is  the  only  instance  where  that  element  has  Invn  luot  with 
in  a  meteorite.  Dr.  Lawrence  Smith  has  nn^ently  examiuiHl  tk'voral 
specimens  cut  from  the  original  mass,  and  is  of  opinion  that  the  K^d 
is  altogether  foreign  to  the  iron,  heing  douhtless  doriveil  fn>m  material 
with  which  the  block  was  probably  treated  by  the  original  disixn'oriTs 
for  the  purpose  of  extracting  some  noble  metal  from  it^  The  load, 
he  finds,  occurs  only  in  cavities  near  the  surface  of  the  mass,  whioh 
have  ohannelB  of  more  or  less  sisse  leading  to  the  surface.  In  piiHx^s 
of  the  iron  detached  from  the  interior  of  the  block  and  froo  fivni 
fimizea  no  lead  coidd  be  discovered. 

1848,  June  4th. — ^Aumi^es,  Dep.  de  la  Loiire,  France.' 

In  an  interesting  series  of  papers  on  the  stiuly  of  roolcH,  oH)>ooin1Iy 
aannrds  the  analogies  in  point  of  structure  luul  niiiioriil  oompoNition 
wbkffi  are  to  be  traced  between  the  terroHtnnl  rocks  and  thoRo  mot 
wifli  in  meteorites,  Meunier  has  adopted  tlio  following  olaHHifioaMou 
toot  the  latter  series:  1.  Normal;  2.  Brcccinloii ;  «).  Motainorphin ; 
4.  Eruptive;  5.  Bocks  traversed  with  veins  (fihuninmf$  connv- 
tunmies);  and  6.  Volcanic/  The  iron  of  Doosa  (whioh  ho(«)  ho 
r^^ardaas  an  example  of  an  eruptive  mctoorito,  iho  Htonn  of  ( ■hantoii- 
nay  represents  the  class  with  veins  entirely  rocky.  The  voiiiH  of  coHini- 
cal  rocks  show  as  many  varieties  as  terrestrial  rockn.  'J^ho  nphoaval  of 
rocks  on  our  globe  presupposes  the  oxistonco  of  faults,  tlint  in  to  wxy, 
of  vents  which  establish  a  communication  botw(M>n  the  oarth's  interior 
and  the  atmosphere.  Faults  are  recognized  ))y  iho  throws  which  iho 
rocks  constituting,  their  two  sides  have  undorgonn ;  those  ro<'kN, 
although  preserving  their  continuity,  are  nhifUMl  verti(willy  in  umNMOM 
that  may  be  very  considerable.  The  more  iho  siirfiu^)  of  thnsn  fiiiiltM 
shows  traces  of  violent  friction,  tlie  rnoro  tlioy  ])ii(U)UU)  jMiliMhiwI, 
channelled,  or  striated.  In  the  same  way  nw;iooritoH  in  a  nuinhf^r  of 
cases  exhibit  true  faults,  with  throws  and  i)oIiHhod  Huiim^fs.  In  tho 
meteorite  of  Aumiures,  of  which  a  r<*pnjM<;nUitir)n  is  ^ivnn  on  Iho 
next  page,  one  fault  is  seen  to  cut  anotlior  again  to  whir;h  it  givos  a 
downthrow  of  several  centimetres.* 

»  J.  L.  Smith.     Amer.  Jour.  Sc,  1870,  xlix.  .'J.'Jl. 

»  R.  P.  Greg.     Phil.  3f'y.  [4],  x.  \2.  —  ji„ur.  Jour.  AV.,  tx\\\.  IIH. 

'  S.  Meunk-r.     \ja  Pi«:iT»;!»  t\\n  t/irnUint  <\\\  ("x*].     La  .\///m//,  Ih7'{,  i.  iW^. 

*  TbL*  cla^rification  is,  it  is  to  \>f.  j>r«;iimj<'l,  Tn':n:ly  t<;nt;itjvi:. 

*  The  -ff-ond  lault  is  At:^.fT'\\t*A  in  M*;nrii»;r'i  \t-t\t*.t  a^  \f.iu\r,  ;ihov«r  i,u  iIk;  UU.  \,iiui\ 
side  of  the  fi'/ure  in  a  p'»*ition  nearly  hori/ontiil,  and  fontmu'd  h*!*.*  i,u  Wtt-  tr/Ui 
parallel  to  the  fir-it  direction,  hein^  thrown  down  more  than  U^h  uu.  hy  i\ii;  yji-M 
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T^B  Btone  of  Anmi^rei  coosista  of  b  grey  rook,  like  that  fbnniBg 

the  metrorite  of  Aiimale  (1865,  Anp;iiBt  2;itli),  wliich  poseeBsea  the 
renarkaLIe  projiertv  of  tiirning  black  when  hcateil.  By  (he  friofion 
of  such  Burfnces  and  the  consequent  (]evelopment  of  heat  the  adjacent 
BurfaceB  undergo  a  true  metamorpfaiBin,  and  the  grey  face  as  a  cod- 
sequence  becomes  black.  The  faults  in  auch  caseB  have  the  form  of 
black  lines  which  have  very  much  the  appearRcco  that  they  ■would 
present  if  traced  with  a  pen.  On  comparing  different  fragmeDte  it 
becomes  evitlont  that  where  the  throw  and  as  a  consequence  the 
mechmiical  effect  have  been  considerable,  tlie  black  lines  have  a  more 
marked  character.  The  thickness  indicates  the  degree  of  dynamic 
energy  to  which  the  stone  has  been  subjected,  and  the  grey  rook 
of  Aumalo  and  Aumieres  is  in  fact  an  extremely  sensitiyo  thermo- 
meter of  a  kind  that  may  render  great  service  in  the  study  of  the 
conditions  to  which  meteorites  may  have  been  exposed, 

1813,  June  S9tli. — Hane^anm,  near  Eidolabad,  EhaudeislL,  India.' 

The  conspicuous  ingredient  in  this  stone  is  a  pale  yellow-green,  or 
primrose-coloured  mineral,  with  a  tint  similar  to  that  of  a  very  pale 

oblinno  fnult.  It  nwms,  howsver,  thnt  hia  destrintion  is  taken  from  the  blwl  and 
not  llic  eiiitnivin);,  whicli  liy  his  kind  pennisaion  I  hare  rcprodvictd ;  and  that  tlic  two 
fanlt*  ri'spi'clivcly  rrdrred  to  are ;  tine  ot  thosp  on  the  li'p  towards  the  righl,  tie 
olliiT  that,  wliirli  a]i»rars  to  connect  tlie  two  great  perpendirular  leina. 

1  .v.  SCorv-Mnskclyae.  riiil..,i,phieat  Tramfetioa^,  1870,  cli.  189.— iVw.  Jayui 
5rv.,  xviii.  146.  For  un  curlier  notice  see  PAt/.  Moi.,\'i69,xj.\.Z9,o.iiA  Journ.  AiiM. 
Sec.  llHHgal.  liii.  8K0.  (Tlie  date  fiinncrly  assigned  to  the  fall  of  this  meteorite,  vli. 
th«  I'itli  July  lias  been  shown  bv  Genera!  Cunningliam  to  be  erroneoua.)  See  also 
C.  JiumiiicL-biT^-.  Uie  Chciuisi:bJ  Nutur  der  Metcoritcn.  A'-handiuagm  Ak.  Win. 
Btiliii,  1870,  l:iO, 
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peridot  or  dajwc^bt,  ucmiilug  ia  aTseriSae  gnn..  aal  ccmcRfied 
together  wiik  A  iriiileofacyKsiaBaDek  triaiist&eaien«cppeihegr«e& 
gianolea  «r»  Mcn  tt>  be  GoLaa^r  ^ruBetiial  cfj^RmLi^  ^vtib^  ia. 
lizQ  £roia  &  mull  pia's  Wad  &»  Akr^KCfac-  doH :  sWj  vere  fooibi  on 
analysis  t»  be  a  bigUj  femsierisi  wranrftg  or  bvocim.  T^J 
carystallke  in  the  pvkmasic  srsfiem.  and  ^ra  the  IblWwiiig  leeohs 
of  measorementa,  which  acoocd  ckwel j  wish  sha  namben  diaaiDed  bj 
Yon  Lang  wheaezaminiDg  (he  enttadseof  sha  Bratenfaich  siderolite : 

100,  lia       »      AbtnsMT  45*43: 

100,101     =:        4^  r        4«*4y 

110,110    ==     Abovtsr        «ri6r 

110,101     =         »*»         «*a4' 

The  sfecific  gxm^iij  of  the  imneral  is  3-198,  tiie  hazdneaa  5-6,  and 
tho  cheminal  oompositioQ : 


SOickadd      &5-«99  39-700 

Magnou         22  799  9-119) 

Inmprotoxidt 20-»«l  4-S64  J  14-059 

Lime               laiO  0-370 ) 


100-35A 

These  numbers  agree  Tery  closely  with  those  required  by  the 
fommla  (|  Mg  \  Fe)  SiO,,  and  show  the  mineral  to  be  richer  in  iron 
than  the  bronzite  of  the  Breitenbaeh  siderolite.  A  portion  of  the 
meteorite  was  analysed  in  its  entirety  with  the  following  results  : 


Oi}ffm, 

Silicic  acid      

63-629 

28-602 

Magnesia         

23-320 

9-828) 

Iron  protoxide 

20-476 

4-660  1  14*306 

lime               

1-496 

0-427  ) 

Chromite         

1029 

99-949 

These  per-oentages  differ  to  so  small  an  extent  from  those  yielded 
by  the  analysis  of  the  picked  crystals,  that  we  arrive  at  the  con- 
clusion that  both  ingredients  have  the  same  composition,  and  find  in 
the  Manegaum  stone  an  instance  of  a  meteoric  rock  consisting  of  a 
single  silicate.  The  Ibbenbiibren  meteorite  (1870,  Juno  17th)  lias 
since  been  shown  by  Vom  Rath  (see  page  71)  to  bo  similarly  con- 
stituted. A  very  minute  amount  of  meteoric  iron,  far  too  small  for 
isolation  and  analysis,  occurs  in  the  Manegaum  stone. 

Found  1846. — Tula,  Netsohaevo,  Eussia.^ 

This  remarkable  mass  of  iron,  which  encloses  a  numbor  of  angular 
fragments  of  rocky  material  and  resembloH  a  true  breccia,  wum  Htiilod 
by  Auerbach  to  contain  but  little  nickel.  KanimolHberg  now  fiiidH  iim 
the  result  of  two  analyses,  conducted  according  to  difTonsnt  nintlioiU, 
that  the  per-centage  of  this  motal  (and  cobalt)  is  l()'iJ4  and  0*84,  or 
about  four  times  the  amount  detected  by  the  earlier  obsorvrjr. 

*  C.  Kammelsbcrg.     Monattbcr.  Ak,  Witt.  Berlin^  1870,  \%%.  Mi. 
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1847.  February  gStli.— Hartford,  Linn  Co.,  Iowa.' 

TliJB  meteorite  was  originaUy  eiamined  by  Shepard  (fleport  on 
Ataerican  Mcteorilee,  1848,  page  37),  -who  statee  tliat  it  consistB  of 
83  per  cent,  of  a  silicato  to  which  he  gives  tlie  name  of  '  bowartiite " 
{an  iron-m^neeiiim  silicate  with  the  oxygen  ratio  of  RO  :  SiO,=  l  ■- 
3-3),  about  10  per  cent,  of  iiickel-iron  and  5  per  cent,  of  magnetic 
pyrit*8.  Shepard  moreover  asserts  in  hie  paper  that  this  extremely 
acid  silicate  fuses  easily  before  the  blowpipe,  and  gelatinises  with 
vrarm  dilute  acid.  Not  a  little  astonished  that  a  silicate  of  this  form 
should  posaeBs  such  properties,  Rammelsberg  undertook  on  examiii- 
atioa  of  this  meteorite,  which  lie  finds  to  possess  the  following 
composition : 

KickeUiron        10-64 


n  alloy  consists  of 

ron=BB'7fi;  nickel  =  10'25;  Tolal= 


SiO,      AliO,      PeO      MgO      CtO      Sm^      £,0 

A.  S<ilu6Ii    ...38-80        —         21-31       3989         —  —  —   =   100-<M) 

B.  /,.,o!«blc  .M-OS       4-8B       13-S8       22-70       2-86       OM        true*  =    lOO-IW 

The  oxygen  per-centagea  of  A  clearly  indicate  the  presence  of  an 
olivine  in  which  the  ratio  of  Mg  -.  Fe  is  3  : 1,  or  the  same  as  that  of 
the  variety  of  this  silicate  which  occurs  in  the  Hainholz  siderolite. 
The  insoluble  portion,  about  equal  in  amount  to  the  above,  appears 
to  consist  of  a  bronzite  (or  bronzite  mixed  with  a  little  augite),  in 
which  Mg :  Fe  :  Ca  is  OS  12  : 4 : 1 ;  the  ratio  of  iron  to  magnesium  in 
the  two  minerals  forming  the  chief  ingredients  of  this  meteorite  is 
therefore  the  same.  Hammelsberg's  results  differ  altogether  from 
those  given  by  Shepard,  and  indicate  the  presence  in  this  stone  of 
those  minerals  only  which  are  frequently  met  with  in  meteorites. 
'  Howardite '  has  not  been  identified  as  a  mineral  species  in  any  rock, 
terrestrial  or  meteoric. 

1847,  Jnly  14th. —  K'annaii  (Hanptmaunsdorf  and  Ziegelshlag), 
Bohemia.* 

In  a  memoir  on  the  crystalline  characters  of  iron,  and  especially 
of  meteoric  iron,  Tschermak  describes  tlie  slnicture  of  the  specimens 
of  Krauiiau  iron  preserved  in  the  Vienna  Collection.  One  piece 
exhibits  the  cleavage  planes  of  the  cube,  as  well  as  other  smaller 
liices  on  tlie  edges  and  comers  of  the  cube ;  the  angles  which  these 
faces  form  with  those  of  the  cube  are  70"  and  48  ,  corresponding 
evidently  with  those  enclosed  between    the   faces    of   the    triakis- 

'  C.  Rammehbcre.     Monaltb/r.  Ak.   Wiu.  Bfrlm.  1870,  lii.  457. 
'  G.  TatLennak,     Siuber.  Ak.  B'.«.  Wim,  1874,  Koy.-Heft,  In. 
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octahedron  (221)  and  the  cubic  faces,  viz.  70**  31'  and  48^  11'. 
Faces  were  noticed  in  the  following  positions : 

221,  212,  122,  221,  212,  221 

the  other  six  directions,  although  present,  could  not  be  traced  on  the 
specimen  which  the  author  examined.  Occasionally  solid  angles  or 
comers  are  protruded  from  the  cleavage  planes  with  faces  at  right 
angles  to  each  other  and  corresponding,  as  regards  their  position  to 
the  cube,  with  the  directions  (221).  Little  step-like  markings,  such 
as  are  seen  on  artificial  iron,  and  fine  lines^  evidently  sections  of  thin 
plates,  are  likewise  observed  in  positions  that  correspond  with  one 
or  other  face  of  the  triakis-octahedron  (221).  Tschermak  shows 
that  the  development  of  these  faces  is  due  to  twinning,  not  by  con- 
tact, but  by  interpenetration,  the  normal  on  111  being  the  axis  of 
twinning.     Sudi  twinning  is  met  with  on  crystals  of  fluor-spar. 

By  etching  the  Braunau  iron  two  varieties  of  figures  are  developed : 
with  a  moderate  use  of  the  corroding  reagent  an  orientated  sheen 
is  developed,  the  fine  texture  exhibiting  what  von  Haidinger  termed 
crystalline  damaskining  (see  page  75).  As  the  author  showed  in  the 
case  of  the  Ilimae  iron  this  appearance  is  due  to  slight  depressions 
of  the  surface ;  they  are,  in  fact,  little  cubical  hollows,  the  sides  of 
which  are  parallel  to  the  cleavage  faces.  A  second  curious  feature 
brought  to  notice  by  etching  are  little  furrows  which  make  their 
appearance  on  those  parts  of  the  cleavage-face  where  the-  fine  lines 
were  previously  seen,  lines  which  owe  their  origin  to  the  plates 
parallel  to  (221).  The  twin-lamellaB  therefore  are  more  readily 
acted  upon  than  the  mass  of  the  metal. 

On  dissolving  this  iron  in  dilute  nitric  acid  a  residue  remains 
whidi  consists  of  fine  yellow  metallic  needles  and  excessively  thin 
yellow  plates ;  occasionally  particles  are  met  with  exhibiting  every 
stage  of  transition  from  one  to  the  other  of  these  forms.  The  plates 
are  not  unfrequently  broken  through,  or  imperfectly  developed,  in 
the  manner  with  which  we  are  familiar  in  crystals  of  some  varieties 
of  specular  iron  from  volcanic  localities.  The  needles,  as  Rose  has 
already  shown,  lie  parallel  to  the  edges  of  the  cleavage-cube. 
Tschermak  believes  both  plates  and  needles  to  have  the  same  com- 
position, to  be  in  fact  schreibersite.  He  was  not  able  to  determine 
the  crystalline  form  of  this  meteoric  mineral  with  the  material  pro- 
vided by  this  meteorite,  but  he  is  of  opinion  that  it  will  be  found 
to  be  eiUier  tetragonal  or  rhombic. 

1850,  November  30th.— Shalka,  Bancoorah,  Bengal.^ 

The  mineral  characters  of  this  meteorite  were  first  described  by 
von  Haidinger  and  G.  Rose,  and  the  chemical  investigation  under- 
taken by  C.  von  Hauer,  who  found  the  silicates,  when  analysed  in  the 
mass,  to  give  numbers  the  oxygen  ratios  of  which  were :  RO  to  SiO, 
as  1  :  2*435.  While  von  Haidinger  regarded  the  chief  constituent 
of  the  meteorite  to  be  a  silicate  to  which  he  gave  the  name  of 

>  C.  Rammekberg.     Monatsber.  Ak,  Wist.  Berlin,   1870,  Ixi.  314.— N.  Stor?- 
Maskelyne.    Fhilotophical  Transactions^  1871,  clxL  ^59. 
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'  plddingtonitc,'  Q.  Hoae  considored  it  1o  bo  oompoBed  of  oJi»ine 
and  (mother  minerRl  '  shepardite,"  which  has  ddw  been  foawd  lo  be 
as  hypothetical  a  species  as  '  piddingtonite.'  Eamtnelsberg  during  a 
recent  examination  of  the  meteorite  determined  it  to  oouaiBt  of  tJ^H 

Brpiizite       seta  ^^^H 

OUrine lOHl  ^PH 

Chromil*      „ 2-89  ^,  | 

99-46 
the  Beparation  with  acid  and  eodium  carbonate  yielding  tlie  following 
numbers: 

SiO,       F*iO       MgO      CflO     NdljO  Chromili!. 

A.  SoliMt     ...     3817      35-80      2908       _  _        _         =      lOOH 

B.  IittlHih  ...     ta-SS       16'£3      27-73      D-09      0-92      0-33       <^     tOMS 
Raramelaberg  therefore  finds  tbiB  meteorite  to  have  a  maob  more 

simple  composition  than  the  earlier  inTcatignliona,  and  to  consist 
mainly  of  a  bronzito  and  a  few  per  cent,  of  olivine,  in  each  of  Mtich 
the  Fe  is  to  Mg  as  1  :  3. 

At'cording  to  the  result  given  in  Maekelyne's  paper,  the  constitutiOD 
of  this  meteorite,  or  of  the  portion  of  it  examined  in  tlie  BritisJi 
Sluseum  Laboratory,  appears  to  be  yet  more  simple.    A  small  amonat 
of  the  debris  of  the  stone  was  found  to  p osaesH  the  following  c 
position :  O.^^**. 

SiUoiiiSrid.. 4S-»I>    ...    .„      S«-19T 

Iron  protoiMB 19-OSO    

Miigiifsis lo-C3t!     

Lime 2214      

Chrumit* 17-71"     


Britisii 

amonat    i 
ng  cam-    I 

1 


A  mottled  grey-oolourod  minora],  forming  the  chief  constituent  of 

the  meteorite,  was  twice  submitted  lo  analysis  with  the  foUowins 
results : 

I.  Oj-ygn.  II.  Oj^wtn. 

Gilidc  acid  S2-S31  28-L7G     62725     28120 

Iron  protoiide...     21'863  *-85B     22-992     6-109 

Magnosio 24'266  9-706     24-086     9-630 

Lime    , 0-fi02  0-143     —        — 

ChromiU 0-843  —       —        — 


100-105  99-802 

These  numbers  correspond  with  the  formula  (§  Mg  J  Fe)  SiO» 
-which  is  identical  with  the  bronzite  of  the  Manegaum  meteorite 
(which  see). 

These  results,  it  will  be  seen,  do  not  indicate  the  presence  of  an 
olivine.  To  check  them,  two  weighed  portions  of  the  mineral  were 
subjected  to  the  action  of  hydrochloric  acid  and  Bulj)huric  acid 
respectively,  with    subsequent  treatment  with  sodium  carbonate  is 


each  case,  whereby  the  following  constituents  ■\ 

1.                     Oxygfn. 

fvere  removed  ; 

Wmmesia 1-058    0423     

1-877      0-760 
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The  aKgfat  exoen  of  iron  oxide  foond  in  eedi  ceae  is  doobdeei  due 
to  the  preeenoe  of  e  little  mmppentfied  nickel-iron.  These  resnlti 
oonfirm  the  eboTe  aneljsis  end  &il  to  imficne  the  preeenoe  of  olirine 
in  this  meteorite. 

Pound  USO.— Siffi  ■oolaiB,  Lezingtom  Co.,  8.  CbroBM^ 

In  an  examination  of  this  large  blodL  of  meteoric  iron  Shepaid 
detected  the  presence  of  onlj  3*12  per  ceiat.  of  nickel  By  employing 
two  more  refined  methods  of  analysis,  BammelsbeTg  now  finds : 

I.  U.  JfMH. 

•  Nickel 7-60    9^    S-ej 

which  is  still  within  the  limit  that  I'find  to  obtain  in  those  instances 
where  an  iron  exhibits  WidmannstitHan  figures.  (Compare  with  the 
list  on  page  80.) 

18fi8,  September  Ml— ■ao-Madani,  TraasylfmniA.' 

Allosion  has  already  been  made  to  Bammelsbeig^s  recent  inTesti- 
gation  of  this  meteorite  (see  page  25).  His  prerions  researches  on 
the  oonstitation  of  the  meteorites  of  Kleinwenden,  Poltnsk,  Rich- 
mond, and  Linn  Co.,  Iowa,'  had  proved  them  to  consist  of  a  mixture 
of  olivine  and  bronzite,  and  in  his  review  of  the  additions  made 
daring  the  last  few  years  to  oar  knowledge  of  these  cosmical  masses,* 
he  had  demonstrated  that  of  the  fifty  chondntic  meteorites  which  had 
ap  to  that  time  been  sabmitted  to  analysis,  the  greater  part 
yielded  a  like  resalt  Certain  among  the  meteorites,  however,  did  not 
appear  to  come  ander  this  rale ;  among  them  is  the  one  mentioned 
above  which  had  been  analysed  by  Atkinson,'  who  found  no  iron 
protoxide  in  the  insolable  portion,  and  determined  the  part  broken 
np  by  the  acid  to  be  a  trisiiicate.  The  author  was  led  to  analyse 
this  stone  a&esh,  and  he  has  arrived  at  the  following  results  : 

Nickel-iron 979 

Troilite           6-24 

Chromite         0*80 

-      Salable  silicate          4283 

Insoluble  silicate       40-34 


100-00 

The  nickel-iron,   which  has  the  composition  indicated  by  the 

formula  Fe»Ni,  yielded  the  following  numbers : 

Iron  =  83-25 ;  Nickel  (cobalt)  =  16-75.     Total  10000 

and  the  silicates  those  given  below  : 

SiOj  AlaO,  FeO  MnO  NiO  MgO 

A.  SolmbU     36-61  2-19  22-82  042  014  3549 

"B.  IntolubU  b202  608  1327  —           —  2185 

C.  Total       44-24  410  1825  022  007  2898 

*  C.  Rammelsberg.     Monaisber.  Ak.  Wim.  Berlin^  1870,  Ixx.  444. 

»  C.  Rammelsberg.  ZeiUehrift  DeuUch.  GeoL  Gesdl.  Berlin,  1871,  Mill.  734. 

'  C.  Rammelsberg.  Monattbcr.  Ak.  JViss.  Berlin,  1870,  Ixx.  440. 

*  C.  Rammelsberg.  Die  Chemische  Xatur  der  Meteoriten.     Abhandl,  Ak.  Wiu. 
B4rlin,  1870,  75. 

»  E.  Atkinson.    Jour,  Prakt,  Chem.,  1856,  357 ;  Fhil.  Maq,^  xi,  Ul. 


CaO 

Na,0 

) 

0-60 

1-02 

=   99-29 

3-74 

3-28 

=  100-24 

202 

2-12 

=  10000 
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The  floluble  part  is  an  olivine  of  tlie  same  compoeition,  3  Mg,  SiO 
+  Fpj  SiO,,  as  thnt  met  witt  in  the  meteorites  of  Hainliolz,  Borkut, 
St,  Mesmin.Muddoor,  Shcrgotty,  etc.;  the  ioaoluble  portion  ftppears  to 
be  a  bronzite,  in  which  the  bnaea  Ca :  Fb  :  Mg=l  :  3 :  9,  ac«ird  with 
those  of  the  variety  of  this  mineral  whicli  occurs  in  the  Chantonn.iy 
stone.  The  Mczo-Madaraz  meteorite  therefore  belongs  to  the  large 
class  of  chondritic  masses  above  mentioned. 

H  2863,  December  2nd.  —  Bnsti,  between  Oomckpur  and  Fyzabad, 
I  India.     [Lat.  Z^  4S'  K.;  Long.  82'  42  E.]' 

~  With  ft  view  to  obtain  some  ittcro  satisfactory  means  of  dealing 
with  the  aggregates  of  mixed  and  minute  minerals,  which  constitute 
meteoric  rook,  the  author  sought  the  aid  of  the  microscope,  baring 
in  the  first  place  sections  of  small  fragments  cut  from  the  meteorites 
so  as  to  be  tnuisparenl.  By  studying  and  comparing  such  se-ctiona 
one  leams  that  a  meteorite  has  passed  through  changes,  and  that  it 
has  had  a  history  of  which  some  of  tlie  facts  are  written  in  legible 
characters  on  the  meteorite  itself;  and  one  £nds  thatitisnotilifficult 
roughly  to  classify  meteorites  according  to  the  varieties  of  their 
atrtioture.  One  also  recognizes  constantly  recurring  minerals ;  but 
the  method  affords  no  means  of  determining  what  these  are.  Even 
the  employment  of  polarized  light,  so  invaluable  where  a  crystal  of 
which  the  crystallogrephic  orientation  is  at  all  known  is  examined 
with  it,  fails,  except  in  rare  cases,  to  indicate  with  certainty  even  the 
system  to  which  such  minute  crystals  belong.  It  was  found  that  the 
only  satisfactory  way  of  dealing  with  the  problem  was  by  employing 
the  microscope,  chiefly  as  a  means  of  selecting  and  assorting  out  of 
the  bruised  debris  of  a  part  of  n  meteorite  the  various  minerals  that 
compose  it,  and  then  investigating  each  separately  by  means  of  the 
goniometer  and  by  analysis — finally  recuning  to  the  microscopic 
sections  to  identify  and  recognize  the  minerals  so  investigated.  In 
the  memoir  mentioned  below  the  author  publishes  the  results  of  the 
former  part  of  this  inquiry.  It  is  obvious  that  the  amount  of  each 
mineral  which  can  he  so  obtnioed  is  necessarily  small,  as  only  very 
small  amounts  of  the  meteorite  could  be  spared  for  the  purpose.  On 
this  account  one  lias  to  operate  with  the  greatest  caution  in  perform- 
ing the  analysis  of  such  minerals,  and  the  desirableness  of  determining 
the  silica  with  more  precision  than  usually  is  the  case  in  operations 
on  such  minule  quantities  of  a  silicate  suggested  a  process  which, 
after  several  experiments  had  been  conducted  with  a  view  to  perfect- 
ing it,  assumed  a  definite  form.  The  method,  which  essentially 
consists  in  the  separation  of  the  silicic  acid  from  the  bases  by  dis- 
tillation with  hydi-ofluoric  acid,  whereby  the  operator  is  enabled  to 
proceed  to  the  estimation  of  the  whole  of  the  constituents  of  any 
silicate  in  one  and  the  same  portion,  will  be  described  in  detail 
later  on  with  other  new  methods  of  analysis. 

'  N.   Slorv-MaskeljTie.     Proc,    Royal  Soeitty,  iTiii.    146.     Pkiloiophiral  TVani- 
aelioa'.  el.\.  1 8fl.      (Sec  also  Abstratt  in  Mature,  i.  382.)— A  preliminary  notice  of 
this  mctcorile  appeared  in  the  Bril.  Aiioc.  Rtporl,  1S62,  "  Notices  and  Abstracts," 
^Appendix  ii.  190. 
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The  first  meteorite  investigated  on  the  principles  here  laid  down 
was  the  remarkable  stone  which  fell  at  Busti,  in  India,  at  the  above 
date.  The  fall,  which  took  place  from  a  cloudless  sky  at  10*10  a.m., 
was  attended  with  an  explosion,  louder  than  a  clap  of  thunder  and  last- 
ing three  to  four  minutes,  and  must  have  occurred  about  the  time 
the  stone  passed  the  longitude  of  Goruckptir.  The  meteorite,  which 
weighs  about  3  lbs.,  consists  for  the  most  part  of  the  mineral  enstatite; 
at  one  end,  however,  are  embedded  a  number  of  chestnut-brown 
spherules,  in  which  again  were  detected  minute  octahedra  having  the 
lustre  and  colour  of  gold.  These  two  minerals  seem  scarcely  to 
have  been  affected  by  the  heat  that  fused  the  silicates  surrounding 
and  encrusting  them. 

The  brown  spherules  are  calcium  (magnesium)  roonosulphide,  and 
have  been  named  by  the  author  '  Oldhamite ' ;  their  outer  surface 
is  generally  coated  with  ealcium  sulphate.  This  mineral  cleaves  with 
equal  facility  in  three  directions  which  give  normal  angles  averaging 
8d°  57',  and  are  no  doubt  90°.  Its  system,  therefore,  is  cubic ;  in 
polarized  light  it  is  seen  to  be  devoid  of  double  refraction.  The 
specific  gravity  is  2-58  and  the  hardness  3*5 — 4*0.  With  boiling 
water  it  yields  Calcium  poly  sulphides,  and  in  acid  it  readily  dissolves 
with  solution  of  hydrogen  sulphide.  The  composition  of  these 
spherules  was  found  to  be : 

I.  II. 

niiii>omt4^A  5  Calcium  monosulpbide         89-369  90*244 

uianamiie  |  Magnesium  monosulphide 3246  3264 

Gypsum      3-961  4*189 

Calcium  carbonate 3*434  — 

Troilite       —  2*303 


100-000      100000 

The  presence  of  such  a  sulphide  in  a  meteorite  shows  that  the  con- 
ditions under  which  the  ingredients  of  the  rock  took  their  present 
form  are  unlike  those  met  with  in  our  globe ;  water  and  oxygen 
must  have  alike  been  absent.  The  existence  of  iron  in  a  state  of 
minute  division,  as  often  found  in  meteorites,  leads  to  a  similar  con- 
clusion. But  if  the  conditions  necessary  for  the  formation  of  pure 
calcium  sulphide  be  borne  in  mind,  the  evidence  imported  into  this 
inquiry  by  the  Busti  aerolite  seems  further  to  point  to  the  presence 
of  a  reducing  agent  during  the  formation  of  its  constituent  minerals  ; 
whilst  the  crystalline  structure  of  the  oldhamite  and  of  the  mineral 
next  described  must  certainly  have  been  the  result  of  fusion  at 
an  enormously  high  temperature.  The  detection  of  hydrogen  in 
meteoric  iron  by  Qraham,  and  more  recently  by  other  observers,  tends 
to  confirm  the  probability  of  the  presence  of  such  a  reducing  agent. 

"Osbomite"  is  the  name  given  by  the  author  to  golden-yellow 
microscopic  octahedra  embedded  in  the  oldhamite.  These  minute 
crystals  gave  the  following  angles : 

octahedron. 
Ill,  111     =     70^  27'  and  70°  37'        70*'  31' 
111,  Uf    =  109**  31'  109"  28' 

111,  ifj     =  69'  68' 


chM^n 
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This  mineral  witliGtauds  the  motion  of  alronf;  acida,  is  ui 
-whoD  fused  witli  potoeaium  oarlMinala,  and  possibly  whet 
with  the  chlortito ;  beated  iu  dry  chlorine  it  glowed  for  a  few  « 
lost  its  metallic  lustre,  and  left  a  residue  which  bood  began  to  deliqnesoe. 
The  amount,  about  0002  gramme,  wtia  too  small  for  anything  but 
a  qualitative  examination,  which  showed  it  to  cousist  of  calcium, 
sulphur,  and  an  element  which  givod  the  reactions  of  titanium '  or 
zirconium,  probably  the  former,  in  some  siugularly  stitble  state  of 
combination.  By  heating  sii'conium  to  an  intense  heat  with  lims 
and  aluminium,  Mallet '  obtained  a  gel  den -yellow  incrustation,  cubic 
in  form,  unattacked  by  the  Btrougcst  acids,  and  possibly  aDologmu 
iu  its  nature  to  osbomite. 

The  next  mineral  dcBcribed  ia  an  augite  of  a  pale  violet.grey 
colour,  intimately  mised  with  another  ailicate  presently  to  be  de- 
scribed ;  it  belongs  to  the  oblique  aystem,  the  Uicasurementfl  yield- 
ing the  following  approKimate  values : 

UavAia. 

001,  100     =        About  7S*  30-  rr  60' 

001,  no     =  „      81'  79*28* 

110,100   =   w°6*'to4r2e'        18°  ar 
110,110    =     s°  a' to  Bff"  20"         sr   6" 

too,  in  F  =     63°  25'  to  il"  16*  83°  60*  , 

001,110    =  100"  SI-       vsa-  fir 

T\aa  plane  oontaining  the  optic  axes  is  perpendtonlar  to  the  «dge 

[lOO.OOl],  and  the  optical  character  in  the  centre  of  the  field  is 
lU'gi.tivc.  When  Wke.l  through  in  anj  divortijii  panilk^l  to  liic-  zone 
circle  [001,010],  the  crystals  show  a  remarkable  dichroisni;  the  plane 
100  presents  a  somewhat  facile  cleavage,  and  is  also  conspicuous  for 
a  remarkable  metallic  lustre,  recalling  that  seen  on  some  kinds  of 
diallage,  hut  of  a  fine  golden  hue.  The  author  is  of  opinion  that 
osbomite  may  permeate  the  augita  in  minute  inlcrlaminated  layers  of 
sutlicient  thinness  to  he  transparent. 

Two  analyses  of  this  mineral  gave  the  following  numbers  : 

I.  n.  (i  Mg  J  Ca)  SiO, 

Silicic  acid   66-389        ...        65-694        ..._,        86-604 

Magnesia      23-021        ...        23036        23-5lj6 

Limo     20020        ...        19-942        ......        19-811 

Iron  oiide     0-7B0        ...  0-309        — 

SodB      0-664         ...         fO-6541       — 

Lithia trsre         ...         [tiacoj       — 

100-364  99-436  100-000 

The  iron  oxide  contains  some  of  the  titanoid  metal  met  with  in 
osbomite.  In  terrestrial  varieties  of  augite  the  calcium  is  usually 
in  excess  of  the  magnesium.  The  mineral  was  somewhat  soluble  in 
acid,  the  action,  however,  was  found  to  bo  simply  that  of  a  solvent. 

While  the  augite  is  present  in  greatest  quantity  in  the  area 
containing  the  calcium  sulphide,  it  is  met  with  in  other  parts  of  the 
stone ;  and  associated  with  it  everywhere,  and  forming  the  mass  of 

'  Sec  respnrclios  on  Ihc  prcsenco  of  titanium  Taponr  in  the  solar  proniineneei  and 
chromosphere,  bv  C.  A.  Young.     Aiatr.  Jour.  Se..  1871,  ii.  336. 
'  J.  W.  JUallet.     Amtr,  Jwr.  Sc,  V856,iiyiii.  346. 
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the  stone,  is  another  silioate,  which  proved  to  he  an  enstatite  like 
that  of  the  meteorite  of  BiBhopville  (1843,  March  25th). 

It  presents  the  appearance  of  a  number  of  more  or  less  fissured 
oxystals,  with  different  degrees  of  transparency,  and  with  a  more  or  less 
nrmme^cal  polygonal  outline,  embedded  in  a  magma  of  fine-grained 
silicate.  Three  varieties  of  this  mineral  are  described :  I),  a  dark- 
grej  glistening  crystalline  substance,  tabular  in  form,  very  opaque, 
aad  presenting  cleavages  indistinctly  marking  the  faces  of  a  prism  for 

which  the  mean  of  several  measurements  gave  an  angle  of  {J|[^^}; 
n).  a  colourless  transparent  variety,  which  is  rare ;  and  111),  a  grey 
semi-transparent  splintery  minend  in  very  composite  fragments. 
The  foJlowing  additional  measurements  were  made  of  this  mineral : 

BreitetilMieh  wirtatite. 
100,  110         =  About  46*  ...     ...     ...    46"  62* 

110,  110         =         87'  IC  to  88»  0* 88*  16' 

100,  101         =  41"  34'  41*  \r 

010,  Oil  P      «  About  40"  40*  21' 

The  planes  100  and  110  are  cleavages.  The  chemical  examination 
of  these  three  varieties  yielded  the  following  per>oentage  numbers : 

I.  IL  IIL  MgO,SiOs 

Silieieaeid      ...  67-697  68437  '67037  67*961  67754  60000 

M«gB€8ia        ...  40-640  38-942  40.574  39026  38397  40000 

lime         —  1-677  2  294          1-524  2376               — 

Iron  oxide       ...  1-438  1177  0867          0-lo4  0-423              — 

Potash     0-394  0332  —             0d69  0-569               — 

Soda 0-906  0-367  —             0680  0-657               — 

Ltthia      ^.     ...  —  —  —              —  0016               — 


100-976   100-922   100772    99-914   100-192    100000 

By  acid  each  variety  was  acted  upon  to  some  extent ;  the  action, 
however,  was  found  to  be  simply  that  of  a  solvent 

The  meteorite  also  contains  a  little  nickel-iron  and  schreibersite, 
having  the  composition : 

v:<»Va1  :*/v.     f  IroB         ...         •••         ...         94-949 
kickfil-iron    \y^'^^^^     3-849 

(Iron  ..         ^.         -.  0-884 

Behreibenite  {  Nickel     0-234 

( Phogphonu        0-084 

100000 
a  very  small  quantity  of  troilite,  and  a  small  but  appreciable  amount 
of  chromite,  a  crystal  of  which  gave  the  solid  angle  of  a  regular 
octahedron. 

The  memoir  is  illustrated  with  two  plates,  the  one  showing  very 
carefully  drawn  microscopic  sections  of  the  augite  and  enstatite,  the 
other  views  of  the  stone  and  a  section  of  the  nodule  containing  the 
oldhamite  spherules.  Plate  XT.  is  an  endeavour  to  reproduce,  by  the 
chromolithographic  process,  a  ver}*  elaborate  water-colour  sketch  of 
this  interesting  stone  prepared  by  my  friend  Mr.  Edward  Fielding. 
On  the  upper  portion  of  the  section  towards  the  right  hand  is  seen 
the  area  where  the  spherules  of  the  calcium  sulphide  and  some  large 
crystals  of  the  augite  are  situated ;  below  is  a  pepita  of  nickel-iron, 
the  occasional  white  patches  indicating  large  CTy&\A\&  ol  ^u^\&M\a. 
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Fonnd  1853.~Taiewe11,  Claiborne  Co.,  Tennessee.' 

This  meteorite  was  one  of  those  selected  by  tbe  author  for  hie 
\  investigation  with  the  apectroscope  of  the  gases  occluded  by  meteoric 
'  iron  (see  also  the  meteorites  of  Red  Eiver,  Texas,  and  Arva.  Hungary). 
It  is  noted  for  the  large  amount  of  nickel,  14'62  per  cent.,  which  it 
contains;  it  had  been  examined  by  J.  L.  Smith,'  who  found  no 
Darbon  in  it.  As  in  the  case  of  the  Texaa  meteorite,  this  iron 
appears  to  oTolve  gas  at  ordinary  temperatures  ;  the  red  and  green 
hydrogen  lines  were  brilliant,  while  the  bands  of  carbon  were 
not  noticed.  When  heat  was  applied,  the  spectrum  showed  the 
hydrogen  lines  very  brilliantly,  and  the  four  chief  carbon  bonde 
were  strongly  marked.  As  the  tension  of  the  gaa  deoreaaed,  the 
hydrogen  lines  became  relatively  brighter  and  the  carbon  baads  grew 
narrower;  and  at  1  mm,  these  bands  were  still  prominent,  while 
some  narrow  bands  apparently  belon^ng  to  nitrogen  were  observed. 
They  differed  however  somewhat,  as  to  the  order  of  their  relative 
intensities,  from  those  observed  with  nitrogen  alone.  One  of  the 
lines  appeareil  to  coincide  with  the  chief  coronal  line  IITIK,  although 
it  was  not  so  sharp  as  it  appears  in  the  solar  spectrum.  An  osygen 
line,  likewise  observed,  has  the  jwwition  1462  K  very  nearly,  and 
olosely  agrees  in  point  of  refrangibility  with  a  briglit  coronal  line 
noticed  by  Denza  and  Loreuzoni  during  the  eclipse  of  the  22nd  Dec., 
1 870.  A  seoond  oxygen  line,  less  bright  Imt  sharp  and  distiQot,  h&s  the 
position  1:159  ±  1  K.  The  author  directs  attention  to  the  complete 
chiin^'e  whicli  the  spectrum  of  un  air-tuhe  undergoes  by  the  intro- 
duction of  hydrogen.  According  to  the  method  by  which  Wright 
calculates  the  amoant  of  gas  present  in  an  iron  (see  the  meteorite 
of  the  Rod  River,  Texas,  page  364),  this  metal  occludes  4'69  times 
its  volume  of  mixed  gases.  Although  the  greater  part  of  the  gas  had 
been  removed,  the  author  is  of  opinion  that  the  whole  amount  was 
by  no  means  exhausted.  The  fact  of  the  volume  of  gas  in  this 
instance  being  iu  excess  of  that  obtained  by  Graham  and  Mallet 
probably  arises  from  the  Tazewell  iron  having  been  in  a  finely 
divided  state,  and  his  latest  researches  on  the  iron  enclosed  in  the 
meteorite  of  Iowa  (1875,  February  12th)  support  this  assumption. 

(To  bt  eonlinutd  in  our  tuxl  Number.) 

IV. — Note   on   Mr.    E.   Mallbt   os   the   Pkismatio   Stbdctdbg 

OP  Basalt. 

By  G.  PouLETT-ScHOFE,  F.R.S.,  F.G.S.,  etc. 

MR.  E.  MALLET'S  paper  on  this  subject,  of  which  an  abstract  ap- 
pears in  the  Proceedings  of  the  Royal  Society,  as  read  January 
21,  1875,  lays  claim  to  a  certain  amount  of  originality  in  the  views 
propounded  by  him,  to  which,  as  well  as  to  tlio  correctness  of  some 
portion  of  tbem,  exception  must  be  taken;  though  it  may  be  that  the 
conciseness  of  an  abstract  will  te  some  extent  account  for  what  appears 
imperfect  in  its  reasoning.  For  this  reason  no  attempt  will  be  made 
here  to  review  in  deteil  the  general  theory  announced  by  Mr.  Mallet 
^  ■  A.  W.  "WrigU.     Ama.  Jour.  Se.^  ISJS,  ii.  294. 

'  J.  L.  Smith.    Amet.lmir.%'i.,\y\,-i^.\ii>., 
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on  the  cause  of  the  occasional  singularly  perfect  columnar  configur- 
ation  of  basalt  and  other  volcanic  rocks.  It  may  suffice  to  say  that, 
80  far  as  the  present  writer  can  understand  it,  as  given  in  an  abridged 
form,  it  differs  in  no  particular  from.that  which  was  famished  by 
himself  fifty  years  back,  in  the  first  edition  of  his  work  on  Volcanos 
(ed.  1825,  p.  135),  and  subsequently  repeated  in  the  second  edition 
of  1862  (p.  96). 

On  one  minor  portion  of  this  paper  I  am  however  desirous  of 
offering  a  comment  at  present,  because  it  involves  a  mis-statement 
of  fact  of  some  little  importance  towards  the  formation  of  just  ideas 
on  the  problem  in  question, — a  mis-statement  which  is  quite  astound- 
ing when  it  would  have  been  easy  for  Mr.  Mallet  to  ascertain  the 
truth,  and  so  avoid  the  error  into  which  he  has  fallen.  It  has  refer- 
ence to  a  portion  of  Mr.  Mallet's  theory  on  which  he  appears  most 
specially  to  pride  himself  as  wholly  original,  viz.  that  of  the  formation 
of  those  curious  cup-shaped  or  ball-and-socket  cross  joints,  sometimes, 
but  very  rarely,  foand  in  basaltic  columns.^  '*This  solution,''  he 
says,  **  is  believed  to  be  the  first  ever  presented,  which  completely 
accounts  for  the  production  of  the  very  remarkable  cup-shaped  joints." 
(p.  182,  line  22.) 

Mr.  Mallet's  "  original "  solution  of  the  problem  is  not  very  dear ; 
but  this  is  of  the  less  consequence,  inasmuch  as  it  is  foimded  on  an 
assumption,  or  rather  assertion,  which  is  untrue,  viz.  that  the  con- 
vexities of  the  joints  always  point  in  the  same  direction,  away  from 
the  surface  at  which  the  cooling  commenced.  In  this  he  is  wholly 
mistaken. 

It  is  the  fact  that  the  protuberances  are  found  to  occur  indifferently 
in  both  directions  side  by  side  in  the  same  mass  of  columns ;  and 
of  this  fact  Mr.  Mallet  might  have  convinced  himself  any  day  by 
simply  examining  the  group  of  basaltic  columns  from  the  Giant's 
Causeway,  which,  as  a  member  of  the  Geological  Society,  he 
must  have  frequently  passed  in  their  rooms.  This  group  consists  of 
three  columns,  figured  in  Mr.  Woodward's  paper,  page  346,  Vol.  VIIL 
of  the  Geological  Magazine.  Now  it  is  perfectly  evident  that  in 
all  of  these  three  columns  the  direction  away  from  the  cooling  sur- 
face at  which  the  splitting  commenced  must  have  been  the  same,  and 
yet  in  the  very  upper  layer  of  this  specimen  the  top  surfaces  of  the 
three  columns  are  alternately  convex  and  concave.  Still  further,  upon 
removing  the  first  articulation  of  the  left-hand  column,  it  is  found 
to  be  biconcave,  in  the  fashion  of  a  double-concave  lens, — the  corre- 
sponding convexities  pointing  of  course  both  ways.    So  much  for 

^  It  is  remarkable  how  rare  these  cup-and-ball-shaped  joints  in  basaltic  columns  are. 
They  occur,  as  is  well  known,  in  the  Giant's  Causeway,  and  at  Staffa  ;  though  it  is 
by  no  means  common  in  Scotland  or  Ireland.  It  is  found  in  some  of  the  basaltic 
currents  of  Central  France ;  see  the  descriptions  and  engravings  in  Abbe  liC  Coq's 
admirable  work  on  that  district,  vol.  v.  But  in  Germany,  notwithstanding  the 
number  and  perfect  regularity  of  many  ranges  of  columnar  basalt  to  be  seen  there, 
such  Joints  appear  to  oe  wholly  absent;  since  I  am  informed  by  my  friend,  Mr.  J. 
W.  Judd,  at  present  on  a  geological  tour  in  that  country,  that  a  single  joint  of  the 
kind  from  the  Giant's  Causeway  in  the  Museum  at  Dresden  is  the  only  example 
known  among  the  German  geologists  he  has  met  with,  and  is  looked  upon  as  an 
extraordinary  phenomenon. 
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Mr.  Mallet's  poiitire  asBortion  that  tbe  "  convex  surface  of  i 
{i.t.  joint)  alwaiji  points  in  the  same  direclion  as  ibat  in 
the  cooling  pcocoedcid."  Tbnt  this  niis-Bluletnent  of  the  &rt  k 
not  a  casual  error  Ja  shown  by  further  poaaagRS,  in  which  (!■£> 
183)  it  ia  asserted  th»t  if  the  ooofing  Gommeoces  from  the  top 
surface  of  the  bed.  the  "  convex  surfticos  of  the  cross  joints  ail 
jioiiU  doantiBard* ; "  wliereas  if  the  muss  cooled  from  the  boUon. 
the  "  coDvos  surfaces  of  the  joints  of  the  lower  prisma  point 
itptearde."  Mr.  Mullet's  theory,  theroforo,  rests,  unfortiUHitsIj 
for  him,  upon  a  false  assiimplion,  whi«h  ho  might  easily  have 
ascertained    for  himself  without  stirring    fioin    London. 

Mr.  Mallet,  however,  may  perhaps  reply  that  his  theory  is  eorreot, 
whether  the  aasumptina  on  which  it  rests  be  true  or  net.  aincc  I 
observe  from  ao  article  iu  the  latest  number  of  the  Prooeedings  of 
tho  Koynl  Society  (IfiZ,  vol.  XJiiii.  page  444),  that  he  still  adheres 
to  hia  preposterous  notion  of  a  Geyser  underlying  tlie  volcanio  vent 
of  Stromboli, — even  though  it  has  been  demonstrated  to  him  that  the 
steam  and  water  tube  required  on  this  supposition  most  be  at  least 
2000  feet  in  depth  I  He  takes  no  notioe.  moreover,  of  tho  nuuiy 
arguments  employed  by  me  in  the  paper  to  wbioli  he  refers,'  agaiost 
his  theory,  besides  the  height  of  the  iiroter-fltior  *  abovo  the  sea-level 
— any  one  of  which  is  alone  Bufficiontly  conclusive  as  to  its  luten- 
ability.  ^^^^ 

ITOTXCIES      OrF'      3jj:E3JOIiaS- 

DlATOMACEJI    IN   THE  CiBBONIfKROOS   FeBIODi* 

Bj-  Signor,  Connt,  Abbot,  Fkancesco  Cabtracami. 
(Translated  by  Miae  L.  II.  Littleoalb,  Dublin.] 

SO  great  is  tho  importance  of  Coal,  which  constitutes  the  chief 
vtealth  of  some  favoured  countries,  and  is  the  principal  lever  of 
England's  power,  that  no  one  will  wonder  that  its  nature,  ita 
mincralogiciJ  properties,  and  the  history  of  its  formation,  have 
claimed  the  attention  of  scientific  men.  This  valuable  substance,  in 
which  Nature  has  preserved  to  the  feverish  activity  of  our  century 
the  principal  aliment  of  the  metallurgic  industry,  of  arts  and  com- 
merce, baa  been  the  subject  of  the  learned  reaearohes  of  many  highly 
distinguished  naturalists  and  ■  geologists.  They  have  examined 
the  impressions  of  tho  many  vegetable  and  animal  remains  which 

»  Geoi_  Mao.  Dee.  18T4. 

*  llyc-lhtj-bvL',  H'hy  will  Mr.  Mallet  persiBt  in  calling  Ibe  bottom  of  the  crater  it* 
"fundia  "  i  F-iido  a.  Do  doubt,  tbc  word  in  use  for  it  niuonK  ttnliao  wrilcn.  But 
our  own  lanf.'uiige  puss4»iius  more  tiinn  one  Bvnonvm  for  the  thing  intended,  any  one 
of  which  wiiiilil  better  ei[iress  tLe  idea  to  English  curs.  Sn,  loo,  in  the  article  M 
columnar  btisiilt,  the  Frcneh  word  ''  coucbe ''  ia  always  used  by  Mr.  Mallei  in  Ueu  of 
our  native  synimym*  o(  "layer,"  ■'  zone,"  or  "  Hlni,"  ull  ecjually  eijiressire  of  hil 
idea.  Other  writer*,  likewine,  on  voloinio  BubjePln,  still  continue  following  the  bai 
example  set  by  Dr.  Duubeny,  in  speaking  of  a  "  euuk'e  "  of  lava,  when  they  mean  t 
"  stream  "  or  "current,"  wiird*  cquully  eipreuive  of  nonce  fluid  or  tlowing  mast. 

'  ''LeDintnmBcencllaEladclCarbone."  Exiruclvd  from  the  Attidell*  Aeeademii 
Pontificia  t!u'  A'uuvi  Lincei,"  Itume,  27th  yeai,  3id  sesaioa,  Fchruorj  22,  1874. 
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•it  oontamB,  and  hare  determined  their  geneim  and  tpecies ;  wliile, 
by  cutting  Tery  thin  «lioe»  of  the  coal  itself,  ther  hare  beoi  enabled 
to  Btod  J,  with  the  aid  of  the  micnMcope,  its  texture  and  minutest 
ingredienta. 

These  researches  didnot,  howerer,  rereal  the  {nreaenoe  of  some  tiny 
little  Diatoms  which  chanced  to  be  there ;  thus  it  has  been  aflirmed 
that  Diatoms  were  not  contemporaneous  with  coal :  a  distinguished 
German  naturalist  and  micrographer  haTii^  absolutely  denied  it 
to  the  antfior  last  summer,  placing  rather  the  first  appearance  of 
IKatoms  at  an  infinitely  more  recent  period.  The  only  mention 
which  came  under  my  notice  of  the  existence  of  Diatoms  in  coal 
was  a  quotation  from  Aeadiam  Geology  by  the  distinguiahed  American 
natnralisty  Dr.  Dawson,  referred  to  by  At>feasor  Huxley  in  a  lecture 
giren  by  him  Om  ike  Fanmaiiom  of  C^oL  To  pnnre  the  asaertioii 
that  coal  is  not  a  subaqueous,  but  simply  a  sub-aerial  formation, 
Dawson,  amongst  other  arguments,  says  that  "  with  the  exception 
perhaps  of  some  Fimmwiari^  and  Asieropkyiiiiegy  there  is  a  remark- 
able absence  from  the  Coal-measures  of  any  form  of  properiy 
so-caUed  aquatic  ▼egetation.'' 

On  reading  that  quotation  my  curiosity  was  aroused  in  the  highest 
degree ;  because,  whilst  ardently  pursuing  the  study  of  Diatomacee, 
a  strong  conviction  of  their  remote  antiquity  had  fi^ed  itself  in  my 
mind. 

My  wishes  upon  this  subject  were  not  iDflnenced  by  any  Tain 
sentiment,  but  I  felt  the  importaDoe  of  such  an  argument  in  es- 
tablishiug  a  principle  set  forth  by  me  on  several  occasions.  Having 
discovered  that  in  salt,  fresh,  and  brackish  waters  the  Diatomaceae 
(together  with  sea-weeds  and  vegetables  of  a  higher  order)  de- 
compose the  carbonic  acid  under  the  action  of  the  sun's  ravs,  and, 
assimilating  the  carbon,  set  free  the  oxygen  which  is  tlie  <^ief  and 
indispensable  element  in  animal  respiration ;  and  having  experi- 
mentally found  out  that  Diatoms,  far  from  sustaining  injury  from 
the  presence  of  animal  substances  in  a  state  of  decomposition,  rather 
derive  benefit  from  them — restoring,  in  short,  the  water  itself  to  its 
original  state  of  purity ;  I  deduced  from  this  the  inference  that  in 
nature  the  first  appearance  of  Diatomaces  must  have  coincided  with, 
if  not  preceded,  the  first  moments  of  the  existence  of  the  primitive 
animal  inhabitants  of  the  water.  The  last  time  I  expressed  this 
opinion  1  added  that  sooner  or  later  some  rocks  of  Palaeozoic  age 
would,  without  fail,  be  met  with  to  furnish  indubitable  proof  of  the 
presence  of  Diatomacese  contemporaneous  with  the  first  animals  that 
lived  in  the  waters.  But  I  was  very  far  from  thinking:  that  only  a 
few  days  after  I  had  nttere<l  this  prognostic  it  would  be  actually 
verified.  In  a  small  residue  collected  from  the  incineration  of  a 
fragment  of  coal  (^ given  me  as  coming  from  Liverpool »,  carefully 
handled  and  placed  for  microscopic  inspection,  my  satisfaction 
may  easily  be  imagined  when  several  Diatoms,  perfectly  distinguish- 
able, presented  themselves  in  the  field  of  the  microscope.  In  this 
way  1  was  enabled  to  prove  with  all  certainty  what  I  had  premised, 
viz.  that  Diatoms  vegetated  in  the  Carboniferous  period,  U\al  >ik 
say,  with  the  earlier  forma  of  animal  life  in  t\iO  Poleozoxc  o^ea. 
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In  spite,  however,  of  tbiE  euocessfal  result,  obtained  by  tbo  luostecni-. 
pulous  attontioa  and  caution,  to  avoid  tbe  smallest  possibility  of 
mistake,  I  confess  that  (from  perhaps  ex oessive  timidity)  I  hesitated  ta 
snbmit  it  to  public  opinion.  I  therefore  resolved  to  await  the  result  ofa 
contra-proof  which  I  should  be  able  to  have  by  tiying  again  a  sm&ll 
remaining  piece  of  the  saiue  eoal,  not  omitting  to  employ  ou  eacli 
ODoasion  i>  perfectly  clenn  test-tube  that  had  never  been  us«d  before. 
I  need  not  aay  what  was  my  gratLfication  at  seoing  some  Diatoms  agaia 
in  the  field  of  the  microscope ;  thus  confirming  the  coneotnees  of 
my  previous  eitperiment.  And  as  a  final  argument  I  will  add  that 
the  forms  I  recognised  and  ascertained  in  the  second  oxponment  were 
either  more  or  less  identical  with  those  of  the  first,  so  that  there 
could  not  remain  the  least  donbfc  of  the  presence  of  the  Diatoms  in 
thai  coal.  Hence  it  stood  proved  upon  evidence  that  they  must  have 
existed  oontemporancously  with  tbe  plants,  the  remains  of  which 
serve  as  fuel  in  furnaces,  and  give  life  and  motion  to  tlie  conntlesa 
steam-engines  which  make  distances  vanish  and  promote  commerce. 
Tbe  Diatoms  tliat  I  met  with  in  tliis  coal  chiefly  belong  to  fresh- 
water genera  and  species,  if  we  except  perhaps  a  Grammatophera, 
a  little  Coicmoditcut,  and  perhaps  an  Amphipleara,  which  appeared 
to  me  to  be  tbe  A.  Danica.  Amongst  fresh^water  Diatoms  1  have 
difitinguished  the  following  : — 

JVwyitana  SarriKKii,  Sm.  ■^Dorttidium  Harriionii. 

^iilimia  fiiia,  Ehrbg.,  Pn. 

Sphenrlla  alaeialh,  Prz. 

(;„™j,A.»,.;,d  ,ap,lul».,i,  Ekrl.f. 

OilMhillaatorika.  Sm. 
SyHfdra  rilrea,  I'rz. 
Biatoma  tulgare.  Boiy. 

The  influence  of  the  sea,  which  is  shown  in  tbe  different  shapes  of 
gait-water  Diatoms  (although  only  single  specimens  presented  them- 
selves among  the  many  fresh-water  ones  in  the  residue  of  the  Liverpool 
coal),  oflers  us  an  indubitable  proof  that  tbe  wnters  of  the  sea  must 
have  penetrated  amidst  the  remains  of  that  ancient  vegetation. 

To  account  for  the  presence  of  those  few  little  marine  forms  among 
fresh-water  Diatoms,  I  do  not  think  we  can  admit  the  hypothesis  that 
they  were  merely  adventitious,  as  if  carried  thither  by  the  wind. 
Although  there  can  be  no  reluctance  to  acknowledge  that  such  a 
transportation  covld  take  place,  yet  I  do  not  find  it  possible  to  persuade 
myself  that  some  valves  of  marine  Diatoms  which  have  been  now 
and  then  detected  in  the  afmospheric  dust,  may  be  precisely  en- 
countered amongst  a  small  number  of  fresli-water  Diatoms.  It  is  to 
be  added,  moreover,  that  I  do  not  remember  over  having  met  with 
a  notice  of  marine  Diatoms  being  found  in  the  atmospheric  dust, 
whereas  fresh-water  forms  are  often  spoken  of. 

It  is  truly  an  easy  thing  to  understand  how  at  the  drying  np  of  a 
pond  the  wind  may  sweep  away  from  the  surface  the  minute  siliceous 
skeletons  of  Diatoms  which  have  been  growing  there  for  generations; 
but  one  could  not  so  readily  understand  how  the  same  could  happen 
to  those  of  the  aca.    However,  tbe  fact  that  at  the  very  remote  period 
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of  the  coal  formation  Diatoms  lived  and  formed  a  part  of  its  flora, 
offers  us,  it  appears  to  me,  a  most  valaable  opportunity  of  making 
an  observation  of  much  greater  import. 

However  little  any  cue  may  be  accustomed  to  the  contemplation  of 
natnre,  it  is  easy  to  recognize  how  the  various  organic  types  can  to  a 
certain  extent  be  modified  by  the  influence  of  climate  and  other 
oircumstances  under  which  they  are  living.  Nevertheless,  the  effect 
of  such  influences  is  so  much  less  perceptible,  and  the  consequent 
modification  so  much  slighter  in  proportion  as  the  type  occupies  a 
more  elevated  position  in  the  organic  scale.  Now,  although,  when 
disserting  last  year  upon  the  structure  of  the  Diatoms,  and  the  various 
parts  and  substances  which  compose  them,  as  well  as  the  marvellous 
ornamentation  to  be  admired  in  their  valves,  I  allowed  myself  to  be 
carried  away  by  enthusiasm  for  these  wondrous  organisms,  so  far  as 
to  Bay  ^  that  ''  the  Diatoms,  far  from  being  such  humble  little  plants 
as  to  deserve  banishment  among  the  lowest  organizations  of  the 
Vegetable  Kingdom,  have  a  far  better  right  to  be  looked  upon  as 
forms  as  noble  in  their  structure  and  perfect  arrangement  as  they 
are  marvellous  for  their  minuteness,"  it  is  nevertheless  true  that, 
organically  considered,  they  must  be  acknowledged  simpler  than 
and  therefore  inferior  to  the  humblest  mosses  and  vascular  plants. 
Nevertheless,  who  could  have  expected  (on  the  supposition  that 
Diatoms  have  bee^i  growing  from  the  time  of  the  first  dawn  of  life 
upon  the  earth,  in  such  enormously  long  evolutions  of  centuries,  and 
in  the  succession  of  ever  new  states  of  temperature  and  climate) 
that  they  would  not  at  least  have  been  greatly  changed  ?  All  the 
forms  I  have  been  able  to  observe  amongst  the  few  ashes  of  the  before- 
mentioned  coal  present  such  an  appearance  that  the  most  practised 
and  sharpest  eye  could  not  detect  the  slightest  difference  between 
them  and  actually  living  Diatoms.  In  outline,  structure,  shape 
and  number  of  the  flutings, — in  short,  in  all  the  peculiarities 
which  characterize  the  species  that  we  meet  with  in  a  state  of 
actual  v^etation, — the  Diatoms  of  the  Carboniferous  and  Palseozoic 
periods  agree  exactly.  In  such  immeasurable  succession  of 
centuries,  organic  life  under  this  most  simple  and  primitive  form 
since  its  appearance  upon  the  globe  (notwithstanding  the  tremendous 
catastrophes  which  have  altered  the  condition  of  its  surface)  has 
not  experienced  the  slightest  change,  and  remains  unaltered  up  to 
our  day :  so  true  is  it  that  upon  each  organic  type  Nature  has  im- 
posed an  immutable  law  which  restrains  it  within  its  own  limits. 

But  the  successful  result  I  obtained  from  the  examination  of  the 
Liverpool  coal,  and  the  discovery  of  Diatoms  contemporary  with  its 
formation  (thus  conclusively  proving  the  existence  of  Diatoms  in  the 
Palaeozoic  epoch),  revived  my  desire  to  institute  a  similar  research 
through  coal  from  other  sources.  Otherwise  it  might  be  questioned 
by  some  whether  the  Diatoms  found  in  the  chip  of  Liverpool  coal 
had  not  simply  adhered  to  it  by  accident,  without  being  contem- 
porary with  its  formation  :  as  it  might  happen  that  Diatoms  should 

*  See  my  note  "  On  the   Strncture  of  Diatoms,"  Atti  dell*  Accod.  Pont,  dei 
lincei.  Anno  26,  19  Gennaro,  1873. 

DBCADB  U, — YOL.  It, — KO.  IX.  7.1 
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ftocidenfAlly  be  diBCOvered  upoa  the  Biitface  of  granite,  or  any 
older  rock,  without  any  one  assuming  that  they  grew  in  the  period 
of  the  granite's  formation. 

Such  objeotiona  did  ftctiiiillj  occtir  to  my  mind  ;  they  lost  all  foKe, 
however,  by  the  reflection  that  the  scrap  of  coal  upon  wUiob  tnj 
examinittion  had  been  ntade  oaine  out  of  the  solid  mass  of  that 
mineral,  and  not  from  off  the  surface  ;  besides,  the  piece  from  which 
it  waa  detached  is  preserved  in  the  Mineralogical  Cabinet  of  the 
"Snpienza  "  in  Rome,  and  thus  tbe  discovery  mode  by  me  may  be 
controverted  by  other  people  at  any  time. 

These  examinations  are  rendered  easy  to  me  from  the  special 
arrangement  of  my  microscope,  which  is  Buch  that  it  enables  me  to 
be  i<ure  of  having  examined  in  turn  each  point  of  the  entire  subslaofv, 
giving  me,  besides,  leisure  to  mark  the  position  of  the  smallest  rorm 
whatsoever,  in  order  to  be  able  to  find  it  agua  at  any  moment. 
After  having  fully  determined  the  fact  of  the  presence  of  Diatoms 
in  the  Liverpool  coal,  I  resolved  to  ascertain  whether  the  Bame  conld 
be  detected  in  coal  from  other  souroes.  With  this  intention  1  hava 
up  to  the  present  time  made  analogous  investigations  upon  thns 
other  samples  obtained  from  the  before-mentioned  Mtneralo^ca! 
Cabinet.  One  is  from  the  mines  of  St.-Etienne,  aootber  came  from 
Newcastle,  and  the  third  was  a  fragment  of  the  so-called  "oaoDel- 
ooal "  of  Scotland.  Not  a  single  one  of  these  diCforaot  rabBtsneei  | 
failed  to  reveal  Diatoms  in  greater  or  less  numbers.  Of  these  I 
did  nut  rcmnrk  any  that  were  not  fri?sh-w;iter ;  nevertheless  the 
species  varied  in  each.  Tlie  forms  1  found  did  not  give  me  octtision 
to  nnto  any  novelty  whatsoever,  while  there  wus  not  one  among 
them  of  which  T  would  have  hesitated  in  declaring  that  it  was  a  living 
form.  Thus  the  presence  of  Diatoms  (which  seemed  to  me  such  t 
great  fact  lo  have  been  able  to  prove  in  the  Liverpool  coal)  showed 
itself  persistently  in  the  three  other  different  kinds,  so  that  I  begin 
to  Bus[wct  that  perhaps  Diatoms  accompany  every  stratum  of  coal. 

From  the  presence  of  Diatoms  in  coals  not  only  does  the  principle 
established  by  mu  of  tbo  necessity  of  Dlatoras  in  water  to  maiiitnin 
animal  life  stand  confirmed,  but  we  have  a  new  subject  of  study  ia 
recognizing  the  highly  important  part  which  Diatoms  and  microscopic 
life  have  ever  played  upon  the  earth. 

From  all  this  arises  the  neceeeity  of  the  geologist  directing  the 
greatest  attention  to  whatever  traces  remain  to  us  of  these  minute 
beings  which  had  so  mucii  share  in  the  history  of  the  globe. 

I  am  encouraged  to  hope  that  these  observations  of  mine,  or  at 
least  the  fact  proved  by  mo  of  the  pi-esence  of  Diatoms  in  coal, 
will  not  be  regarded  as  undeserving  attention  by  some  geologist  or 
microgrnphcr.  It  will  bo  most  gratifying  to  me  if  my  remarks  and 
experiments,  under  the  direction  of  some  more  competent  person, 
prove  any  ailvanlage  to  science.  In  that  case,  in  order  to  facilitate 
the  task  still  more  to  any  one  less  expert  who  may  wish  to  under- 
take such  an  examination,  I  shall  add  a  hint  as  to  the  process 
followed  by  me  in  conducting  these  researches.  The  course  to  pursue 
ia  decided  by  the  fi'inty  nivtuxa  of  the  Diatom-Talves,  and  in  order 
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to  separate  them  from  the  mixtare  cf  caloaicooi  or  organk  matter 
with  which  they  art  fond  miited.  it  is  vioal  to  pot  the  whcde  into 
a  glaaa  teat-tabe  with  hTdrochlofie  acid,  adding  csoatie  potadi  from 
time  to  time,  keeping  all  slowlr  duMlring  hw  heat»  in  cftdei  to 
isolate  the  nlex,  destrojing  the  remainder.  Bnt  in  unbomt  ooal 
it  ia  too  difScult  to  dialo^e  the  carbon,  and  die  acids  haTe  little 
effect  upon  it.  I  mast.  howeTer,  refer  to  the  calcination  I  effected 
by  grinding  up  the  substance,  and  then,  ooQecting  it  m  a  diina 
fsaael,  placed  npon  a  store  in  a  glass  tnbe,  subjecting  the  whole  to 
the  actioa  of  &e  heat,  while,  at  the  same  time,  a  slight  enrrent  of 
oxygen  cmasing  the  tnbe  combined  with  the  eaibon  in  creating 
csrbonic  acid. 

Experience  has  tanght  me,  hbwerer,  the  necessity  of  conducting 
this  c^peration  at  a  lower  temperatnre,  in  oider  to  prerrent  the  alkaline 
or  earthy  bases  and  metallic  oxides,  which  may  be  amongst  the  ashes, 
from  forming  Titreons  silicates  by  melting  and  mixing  with  the 
iralTCS  of  the  Diatomaceae^  It  is  also  well  to  lesTe  the  ^bss  tobe, 
IB  whidi  the  fusing  is  going  on,  unooreied,  in  order  to  watdi  its 
progress  The  small  residue  obtained  throogh  this  piocess  is  to  be 
put  into  a  dean  test-tnbe,  adding  nitric  add  and  hydrochloric  add, 
and  caustic  potash,  assisted  by  the  heat  of  a  lamp  to  etiminate  any 
alkaline  or  earthy  base,  and  eveiy  tmoe  of  metallic  oxides.  The 
last  operation  OTer  it  only  remains  to  wash  repeatedly  with  distilled 
water  the  Tery  light  di»t  which  is  left  behind,  letting  it  stand  for 
some  hours  each  time  to  settle,  in  order  to  be  sure  of  not  losing  the 
ssaallest  particle  of  it  in  pouring  off  the  water. 

Those  who  follow  this  method  exactly  cannot  fail  to  succeed. 
The  object  may  then  be  mounted  with  Canada  Balsam,  or  in  any 
other  suitable  medium  :  and  steadily  and  closely  watching  it  under 
the  miorosoope,  they  will  not  be  long  before  they  see  some  Talyes  of 
Diatctns,  entire  or  broken. 

If  any  inyestigator  wish  for  fuller  information,  I  shall  haye  great 
pleasure  in  gratifying  him,  and  will  consider  my  self  honoured  by  his 
to  me. 


Da  E  ^V^  I  E  ^^?7"  S. 

I. — Am  Abstract  of  thk   Geology  or  Ikdia.     By  Pbof.  P.  M 

DuxcAN,  F.B.S.     (London,  1875.) 

THIS  Abstract  is  a  useful  addition  to  geological  literature.  With- 
out any  pretension  to  a  general  treatise  on  the  subject,  and 
consisting  merely  of  geological  facts,  with  no  sections  or  illustrations, 
it  is  intended  as  a  text- book  for  the  students  of  tlie  Indian  Civil  En- 
gineering College,  where  Geology  is  fortunately  recognized  as  a 
necessary  part  of  their  education,  and  as  an  advantage  to  their  future 
career.  The  late  Mr.  Greenough  had  collected  a  vast  amount  of  ma- 
terial, which  he  used  in  preparing  bis  large  geological  map  of  India  in 
1854,  a  reduced  copy  of  which,  with  notes,  appeared  in  *  Petormann*s 
QeogT.  Mittheilungen  '  for  1855.  But  this  knowledge  has  lH}en 
considerably  increased  by  the  subsequent  labours  of  Carter^  Dv^^  ^ 
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Stmchey,  Futconer  and  Cftiitlej.  S'Aroliiac  and  Hairae,  as  well  a 
the  valuable  Memoirs  oud  Reports  of  tbe  Qeulogical  Survey  under  the 
direction  of  Dr.  Oldham,  the  result  of  tJie  arduotta  and  eKliaustiog 
labours  of  himself  and  colleagues  in  the  field-work  of  the  Indina 
Survey.  In  this  Abstract  the  geology  of  India  is  oDoaidered  under  i 
two  beads, — the  Himalayan  and  Feninsulur  types ;  the  former  com- 
prising the  Himalaya,  the  Salt-range,  the  hills  on  the  west  of  the 
Indus  to  the  seu,  and  the  great  alluvial  districts  through  which  the 
Indus  and  Ganges  with  their  tributaries  flow ;  the  references  to  thiB 
district  ore  nearly  restricted  to  the  details  of  the  flinialaysA  and  I 
Indo-GaDgetio  ureii.  The  Peniusulai*  province  ia  hounded  -on  the 
north-west  and  north-east  by  the  alluvial  plains,  and  elsewhere  by  ' 
the  sea.  The  successive  geological  formatioDs^  when  they  occur,  are 
treated  of  in  descending  order  in  the  above  two  provinoes,  and  thus 
their  differences  and  reaemblances  may  be  compared ;  but  the  same 
formations  are  not  invariably  present  in  both  geological  provinoes, 
and  it  appears  that  the  remains  of  former  land  aurfuoes  are  much 
more  common  in  tho  Peninsula  thau  iu  the  Himalayas,  where  the 
marine  deposits  preponderate. 

There  are  many  interesting  and  peculiar  points  of  Indian  geologj' 
concisely  described,  as  to  their  occurrence  and  origin,  such  as  dia 
"  fiigar,  or  cotton  soil,"  the  Euokur  and  Laterite.  The  Sub-Hiioa- 
layan  rocki  are  noticed,  and  also  their  rich  mammaliau  fauna,  M  ably 
deeoribed  by  the  late  Dr.  FalooDer  aad  Major  Cautley,  who  obtained 
the  bones  from  tlie  Sivalik  strata  occupying  ninny  thousand  feet  in 
thiokness,  and  also  from  the  Nalium  series,  both  of  Miocene  a^-e,  smi 
which  iiK'ludo  remains  of  rrimtttcs,  OmiivLir,!,  J'r.jlwsoi.leti,  Kumiii- 
antia.  The  Monkeys  are  all  old-world  types,  and  in  all  probability 
tliere  is  no  satisfactory  specific  distinction  between  the  forma  and  the 
recent  species  of  Asia.  The  Luaodons  ore  allied  to  the  African 
elephant.  Hippopotamus,  no  longer  Indian,  is  an  African  fonn,  imd 
the  Cameleopards  are  African  in  their  present  distribution.  The 
Sivalik  fauna  had  therefore  Asiatic  and  African  members;  and  whilst 
tho  majority  of  its  species  are  extinct,  many  exist  at  the  present  day 
in  India.  In  the  Peninsular  province  the  Slalwn  and  Deccan  traps 
occur;  they  are  post-Cretaceous,  of  great  thickness,  and  form  a  very 
important  feature  in  the  geology  of  India,  for  they  extend  over 
200,000  square  miles  of  Western  and  Central  India,  and  formerly 
covered  a  much  larger  siirface,  as  they  have  suffered  from  denudation. 
In  this  province  also  is  the  Daaiuda  Coal-bearing  series,  which,  with 
the  sub-divisions  and  plants,  are  fully  noticed  at  pp.  44-48 ;  and  a 
detailed  account  is  given  of  the  five  zones  of  rocks  of  which  the 
Himalayas  appear  to  be  formed,  as  derived  from  the  sections  given  by 
Medlicott  and  StolicKka. 

Most  of  the  chief  European  strata  i^pear  to  be  more  or  less  fully 
represented  by  equivalent  formations,  with  the  exception  of  the 
Cambrinn,  Devooinu,  Carboniferous  Coal,  Lower  Oolite,  and  Neoco- 
miaii.  The  oldest  foRsilifcrous  rock  is  referred  to,  tlie  Bhabch  series 
or  Lower  Sihiriun,  which  may  be  newer  than  an  important  formation 
called  the  Vindhyan,  of  unknown  age,  and  which  occupies  a  very 
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lai^  area  in  the  North-west  and  Central  provinces,  and  probably 
oocars  in  the  neighbourhood  of  Madras.  From  this  series  tne  finest 
building  and  ornamental  stones  of  India  are  obtained,  chiefly  in  the 
upper  or  Bnndair  group ;  but  the  lower  or  Eymore  sandstones  are 
also  extensively  worked,  especially  at  Chunar. 

Although  intended  merely  as  notes  of  reference  for  the  student  of 
Indian  geology,  the  general  geological  reader  will  find  it  of  some 
interest  as  comprising  our  present  knowledge  of  Indian  geology,  and 
in  comparing  it  with  that  of  the  European  area,  for  which  purpose  a 
table  of  the  presumed  equivalent  formations  is  given,  which,  although 
showing  a  general  similar  succession  of  formations,  may  not  represent 
the  synchronism  with  Eur6pean  strata,  ''  for  it  must  be  understood 
that  the  term  equivalent  does  not  infer  synchronism  or  contempo- 
raneity. It  appears  that  some  forms  of  life  existed  earlier  in  India 
than  in  the  European  area,  and  this,  taken  with  the  fact  of  the  occur- 
rence of  the  same  species  in  the  distant  strata,  requires  the  inference 
that  time  elapsed  during  a  migration  or  a  natural  distribution." 

This  Abstract  is  alike  creditable  to  Prof.  Duncan  and  to  the  author- 
ities under  whose  auspices  it  has  been  published.  J.  M. 


IL — El^ients  de  Oeologie  et  de  PALioNxoLOGiE.    By  Ch.  Conte- 
JEAN.     Paris,  1874.     8vo.  pp.  745  (467  Woodcuts). 

IT  is  by  means  of  the  higher  class  of  text-books  to  which  this 
work  belongs  that  we  are  kept  posted  up  in  the  progress  in 
other  countries  of  Geology  as  a  whole.  It  is  seldom,  however,  that 
a  manual  presents  so  many  ]^oints  of  contrast  with  its  forerunners, 
nor,  it  may  be  added,  so  many  signs  of  advance,  as  Prof.  Contejean's 
Eliments.  French  Geologists,  though  frequently  of  the  deepest  red 
in  politics,  have  always  been  extreme  Conservatives  in  their  special 
science.  They  have  in  many  cases  shown  a  degree  of  deference  to 
mere  authority  in  scientific  matters  which  we  can  scarcely  match  in 
the  annals  of  British  Geology.  In  no  instance  has  this  deference 
been  more  marked  than  in  the  all  but  universal  acceptance  of  the 
late  M.  Elie  de  Beaumont's  "  Pent^onal  System."  To  this  theory 
we  owe  the  collection  of  so  large  an  accumulation  of  valuable 
stratigraphical  facts,  that  it  seems  almost  ungrateful  to  say  that  it  is 
refreshing  to  see  in  Prof.  Contejean's  book  not  only  a  very  fair 
regwn^  of  the  famous  system,  but  also  a  very  full  and  complete 
refutation  of  it,  comprised  altogether  in  some  twenty  pages  of  close 
print.  We,  in  England,  who  have  never  been  caught  in  the  great 
Pentagonal  net- work,  are  hardly  able  to  appreciate  the  importance  of 
80  clear  and  able  a  statement  of  the  insuperable  objections  to  it, 
coming,  as  this  does,  from  a  man  holding  an  acknowledged  position  in 
the  professorial  hierarchy  of  France.  Truth  will  out,  as  we  all 
know,  but  due  honour  should  be  given  to  those  who  help  the  most 
vigorously  to  draw  her  out  of  her  well.  This  Prof.  Contejean  is 
distinctly  doing  by  means  of  his  new  manual.* 

*  It  may  be  well  to  mention  that  Prof.  Cont€Jean*8  book  was  publiti^i^id  ^>3fii  \j^lcss%^ 
M.  Elie  de  Beaumont's  lamented  death. 
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Five-sevontliBof  hUbook  deal  with  Physical  Getlogy,  the  tiatorical  ' 
portion  being  very  briefly,  anil  it  may  be  eomewbat  inadequately, 
treated,  although  it  ia  itiustratad  by  eome  350  capital  cuta.  It  is 
only  fair  to  the  author  to  aay  that  he  looks  upon  I'alseontology,  on 
principle,  as  an  aiiKiliary  scienee  only,  and  not.  as  too  many  wiiten 
of  text-books  would  appear  to  do,  as  the  main  end  and  object 
[  of  Geology. 

In  the  account  of  the  various  great  geological  slages.  the  autlior 
scarcely  does  justioe  to  bis  advanced  views  when  he  retains,  even 
apologetically,  so  misleading  a  term  as  '  Epoqae  de  trasiilioM.'  lu 
including  the  Coal-measures  in  the  Terrain  Carhontfirv,  on  the  Other 
hand,  good  service  is  done,  aince  the  custom  of  limiting  the  application  < 
of  this  term  to  the  Carboniferoua  Limestone  Division  is  one  much  on 
the  increase  among  French  geologists,  and  one  fruitful  of  mieundur- 
standing. 

Beetorations  of  fossil  vertebrates  are  confessedly  fo  a  certain  extent 
hypothetical,  but  oven  with  tliia  reservation  it  is  difGcalt  to  believo 
that  the  M^alouyx  was  really  quite  such  an  extraordinary  beast  in 
the  flesb  as  he  ia  represented  ia  fig.  464,  or  that  the  bi>dy  of  the 
Pterodaotyl  was  olad  in  particoloured  scales  like  a  serpent  I !  fig.  34" 
— almost  the  only  two  illustrations  in  the  book  to  which  ejcception  i 
can  be  taken,  the  rest  being,  wben  new  (as  many  of  them  are),  of  a  ' 
high  order  of  excellence,  and  when  otherwise,  chosen  from  the  best 
among  old  friends. 

Tliat  the  physical  diviainn  of  his  work  is  up  to  the  present  state  of 
knowledge  will  be  seen  when  it  ia  said  that  Dr.  Carpenter's  latest 
dredgings,  that  Mr.  Croll's  '■  Excentricity "  results,  and  that  the 
current  theories  of  both  are  utilized  by  M.  Contejean.  Indeed,  the 
list  of  authors  quoted  which  precedes  the  copious  Index  is  a  sufGcient 
proof  that  the  oft-repeated,  and  not  altogether  undeserved,  accusation 
that  French  men  of  science  are  apt  to  ignore  foreign  work,  does  not 
apply  iu  any  degree  to  the  author  of  this  manual  of  Geology. 

G.  A.L. 


H:E3F0K:TS   Ji-liTXJ    I^EOCEEXJIlSrCa-S. 

Geolooical  Sociktt  of  Lonoon. — June  9tb,  1875. — John  Evans, 
Esq.,  V.P.R.S.,  President,  in  the  Chair. — The  following  communica- 
tions were  read  ; — 

1.  "On  Proraalomua  girenoKdet,  Owen.  (Part  II.)."  By  Prof- 
Owen,  C.B.,  F.R.S.,  F.G.S. 

The  author  lias  submitted  the  ekull  of  a  Sirenian  from  Jamaica, 
described  by  him  in  1855  under  the  name  ol  ProrMiomiu  liretioides, 
to  a  careful  re-examination  ;  and  in  this  paper  notices  the  characters 
revealed  by  further  removal  of  the  matrix,  and  discusses  the  bearings 
of  the  facts  thus  ascertained  upon  tlie  relations  of  the  animal  and  of 
the  Sirenia  generally.  Tlio  parts  which  liave  been  brought  to  light 
are  the  base  and  roof  of  the  cranium,  the  zygomatic  arches,  the  bind 
hiilf  of  the  mandible,  with  the  articular  part  of  the  condyle,  and  the 
greater  part  of  the  atlas.    Ike  ck&rwtjaia  tgresented  by  these  parts 
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are  described  in  detaU,  and  the  characten  of  the  genua  aie  compared 
with  those  presented  bj  other  genera  of  Sirenians,  both  liriog  and 
fossil,  especiallj  Mamaiiu  and  Fdtinoikmmwu  The  dental  formula 
of  iVorosfoams  is  given  as : — 


,  1-1        5-5         ._^ 

,  a. ore.  i:ii,p.  ^_5,  wl  j_3  =  4o; 


thnSy  as  in  Jfaaa/vi,  showing  an  excess  in  the  molar  series  over  the 
type,  of  the  terrestrial  herbiToroos  mammalia,  whilst  the  incisors  and 
oanines  retain  the  common  type  as  to  number  and  kind,  and  have 
not  been  subjected  to  so  great  a  degree  of  suppression  or  of  indivi- 
dual excess  of  development  as  in  existing  Sirenians.  The  presence 
of  these  small  subequal  incisors  in  both  jaws  of  Prorastomus  is  the 
most  marked  feature  in  which  Prorasiamiu  adheres  to  the  normal 
mammalian  ^rpe,  while  showing  the  essential  characters  of  the 
marine  Herbivores ;  but  a  similar  tendency  is  shown  in  other  parts 
of  the  skull. 

The  author  r^ards  the  Sirenia  as  essentially  monophyodont. 
JSalicore  and  Felsin&thenum  depart  further  from  the  type  than 
JSaliikerium  and  ManatuM,  and  these  than  Pror<utomus,  Bhytinaj 
with  a  better  developed  brain,  and  with  the  jaws  edentulous  when 
adult,  is  an  extreme  modification  of  the  Sirenian  type.  The  rudi- 
mentary femur  in  Saliikerium  is  to  be  regarded  as  the  result  of 
degenemtion  .  through  lack  of  use,  from  better-limbed  prototypal 
mammals. 

With  respect  to  the  genealogy  of  the  Sirenia,  the  author  remarks 
that  Hackel  derives  the  Sirenia,  Zeuglodontes,  and  Cetacea,  toge- 
ther with  the  Artiodactyla,  from  the  branch  Uugolata,  and  the 
Perissodactyla  from  the  branch  Pycnoderma  of  the  Mammalian 
trunk  ;  but  that  while  Haliiherium  and  FeUinotherium  show  the 
molar  pattern  of  Hippopotamus,  ProrastomuM  exhibits  that  of 
Lophiodon  and  Tapirus,  to  which  Jfanatu$  also  adheres,  rather  than 
to  any  Artiodactyle  type.  The  author  suggests  that  both  Ungu- 
lates and  Sirenians  diverged  at  some  remote  period  from  a  more 
generalized  (Cretaceous  ?)  mammalian  gyrenoephalous  type ;  and 
that  the  marine  Herbivora  in  the  course  of  long  Eocene  and 
Miocene  eons  were  subjected  to  conditions  producing  modifica- 
tions of  their  molars,  leading  on  one  side  to  an  Artiodactyle  and 
on  the  other  to  a  Perissodactyle  character.  As  Prorastomus  by  its 
more  generalized  dentition  and  shape  of  brain  represents  a  step 
nearer  the  speculative  starting-point  than  any  other  Sirenian,  it 
acquires  a  great  interest,  and  the  determination  of  the  precise  age 
of  the  (supposed  Eocene)  bed  from  which  its  remains  were  derived 
is  very  much  to  be  desired. 

2.  "On  the  Structure  of  the  Skull  of  Bhtzodus:'  By  L.  C. 
Miall,  Esq.,  F.G.S. 

In  this  paper  the  author  described  a  large  skull  of  Bhizodus  from 
the  coal-shale  of  Gilmerton,  near  Edinburgh.  The  characters  de- 
scribed show  that  Bhizodm  is  a  Ganoid  fish,  and  that  its  position  in 
the  order  is  not  far  from  IToloptychius  and  Megalichthys,  llio  author 
referred  it  to  the  cycloidal  division  of  the  family  Glyptodiptertni. 


Reports  and  Proceedings. 

S.  "Appondix  to  a.  'Note   on  a  Modified  Form   of  Din 
Ilium,  Litierto  reputed  Scapula.'  '■■"'"'""       ^^ 
F.G.S. 

IB  paper  contained  a  notice  of  the  pubis  of  Igaanodon,  which 

I  provoB  to  be  ideutical  with  the  smaller  of  the  two  specimens  figured 
by  the  nutlior  in  a  former  paper  (Quart  Joum.  Oeol.  Soo.  ToL  nx. 

,  pi.  xEsii.  fig.  1).  When  inverted,  its  long  sleuder  process  is  easily 
ideutified  with  that  of  the  pubis  of  the  nearly  allied  Bgpnlophodoa, 
and  this  slanted  downwards  and  backwards  jiarallel  to  the  ischium, 
the  little  process  of  its  posterior  surfaoe  meeting  a  oorreepondiiig 
process  of  the  ischium,  and  converting  the  upper  end  of  a  long 
narrow  obturator  space  into  a  foramen.  The  pubis  of  Iguanodou 
oonlributed  largely  to  the  formation  of  the  acetabulum,  thus  re- 
sembling that  of  oiisling  Laoertilia,  as  also  in  its  possessioa  of  a 
broad  ventral  eiteusioa,  probably  imit«d  with  that  of  the  opposite 
side  by  a  median  eyniphjBis.  The  speoimons  described  in  this  paper 
were  collected  in  the  Isle  of  Wigbt  by  the  Bev.  W.  Fox. 

4.  "  Notes  on  the  Patasozoio  Echini."  By  Walter  Keeping,  Eeq., 
of  the  Woodwardian  ]tl<iBeuiii,  Cambridge.  Commuiiioat«d  by  Prof. 
T.  M'Kenny  Hughes,  F.G.S. 

The  author  alluded  to  the  interest  excited  by  the  disoovery  of 
Echinodorma  with  flesiblQ  testa;  and  having  poiuted  out  the  differ- 
,  ence  between  the  mote  modern  and  the  Fah^oio  forms  (their  plates 
.  imbrioBtlog  in  opposite  direotions),  gave  a  desoription  of  the  follow- 
ing forms  : — I.  PeriKhodojnua.  II.  RA(Fcfttnw«,  p.  n.,  ap.  B.  iri-eyulon's 
{Keeping).  111.  Palmhinui  (?)  intmneiUuK  iKeoping).  IV.  Palai- 
chhiHs  jiV/aa  (M'Coy).  V.  Pala^chinua  gphariciis  (M'Coy).  Yl.  Ar- 
chtcocidaria  Vrii  (Fleming).  In  omclusiou,  the  author  proposed 
a  new  method  of  clasBification  for  the  Echinoidea.  He  also  noticed 
the  existence  in  the  Museum  of  the  Royal  School  of  Mines  of  a 
British  fossil  which  appears  to  belong  to  the  group  of  I^hiuoidea 
with  numerous  ranges  of  ambulacral  plates,  represented  in  America 
by  the  genera  Melonifes,  Oligoporna,  and  Lepideelhet. 

5.  "On  some  Fossil  Alcyonaria  from  the  Australian  Tertiary 
Deposits."     By  Prof.  P.  Martin  Duncan,  F.R.S.,  V.P.G.S. 

In  a  former  communication  in  1870  the  author  described  some 
fossil  corals  from  the  Tertiary  strata  near  Cape  Olway,  in  the  pro- 
vince of  Victoria.  In  one,  which  he  called  the  "  Upper  Coralline 
bod,"  tlie  equivalent  of  the  Polyaoan  limestone  of  Woods,  he  found 
specimens  which  he  did  not  then  describe,  as  they  were  not  true 
corals.  Belonging  to  the  Isidinw,  and  not  being  of  great  interest,  he 
retained  tliem  until  the  receipt  of  some  similar  specimens  from 
Ni'w  Zealand,  described  in  the  following  paper.  The  Austi-alian 
forms  described  by  the  author  were  shown  to  be  nearly  allied  to  the 
recent  Isis  hippuris  and  the  fossil  I.  corallina. 

G.  "  On  some  Fossil  Alcyonaria  from  the  Tertiary  Deposits  of 
New  Zealand."     By  Prof  P.  Martin  Duncan,  F.R.S.,  V.P.G.S. 

The  New  Zealand  fossils  referred  to  in  the  preceding  paper  were 
sent  to  the  author  by  Capt.  F.  W.  Hutton.  F.G.S. ;  they  were  de- 
rived from  the  Awawua  Kailway  cutting,  and  were  from  the  upper 
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part  of  the  Oawara  fonnation.  They  oonsistcj^  of  fragments  of 
species  of  the  genus  Isia  and  of  CoraUtunL  These  were  compared 
-with  those  from  the  Australian  Tertiaries,  and  the  author  inferred 
that  both  deposits  were  formed  under  similar  conditions,  and  that 
they  were  at  least  homotaxial,  whatever  their  precise  geological  age 
might  be. 

7.  "On  some  Fossil  Corals  from  the  Tasmanian  Tertiary  De- 
posits."    By  Prof  P.  Martin  Duncan,  F.R.S.,  V.P.G.S. 

The  author  described  a  new  species  of  DendrophyUia  possessing 
very  unusual  characters,  the  epitheca  replacing  the  true  wall,  and 
giving  the  specimen  a  marked  Palaeozoic  appearance.  The  fossil  was 
obtained  from  a  Tertiary  deposit,  and  was  associated  with  PlacO' 
trochus  deliotdeus,  a  well-marked  coral,  characteristic  of  a  definite 
geological  horizon  in  Victoria,  namely  the  lower  beds  of  the  Gape 
Otway  section,  belonging  to  the  Lower  Cainozoic  period.  For  this 
coral  he  proposed  the  name  of  DendrophyUia  epithecata,  A  much 
worn  reef-coral  was  found  associated  with  the  above. 


ON  THE  NOMENCLATTRE  OF  ROCKS. 

Sir, — In  "  A  Handy-book  of  Rock  Names  "  it  was  suggested  that 
some  of  the  rocks  therein  included  as  granitoid  varieties  of  Liparite 
"  ought  probably  to  be  classed  among  the  granitic  rocks."  *  This 
opinion  seems  also  to  be  shared  by  Mr.  J.  W.  Judd,  F.G.S.,  as  in  his 
lately  published  description  of  the  Ponza  Islands,^  he  particularly 
mentions  the  granitoid  rocks  of  that  island  and  certain  others  in  the 
Euganean  Hills,  Hungary,  etc.,  which  be  considers  to  be  of  the  same 
class  as  the  North  American  rocks,  for  which  Bichthofen  has 
suggested  the  name  Nevadite,  or  granitic-rhyolite.  If  we  accept 
this  name,  we  add  to  our  granites : 

Nevadite  (Richthofen),  a  granitic  rock,  having  a  more  or  less 
crystalline  felsitic  matrix,  inclosing  crystals  of  quartz,  one  or  two 
felspars  (ortboclase  and  albite  or  oligoclase),  mica  or  araphibole. 

This  granitic  rock  represents  the  passage  rock  between  trachyte 
and  normal  granite  ;  similarly,  as  a  siliceous  elvanite,  among  the 
older  rocks,  is  the  passage  rock  between  felstone  and  normal  granite. 
There  has,  however,  still  to  be  discovered  and  described,  the  passage 
rocks  between  augite  and  granite  ;  and  such  rocks  I  suspect  to  exist 
in  the  neighbourhood  of  Carlingford  Lough,  Ireland  (parts  of  Cos. 
Armagh,  Down,  and  Louth).  In  this  area  my  colleague,  W.  A.  Traill, 
has  found  either  four  or  five  distinct  intrusive  granites  :  first,  Newry 
granite  of  pre-Carboniferous  age ;  second,  Mourne  granite  of  post- 
Carboniferous  age ;  third,  elvanite,  probably  of  the  same  age  as  the 
Mourne  granite ;  and  fourth  and  fifth,  granitic  rocks,  possibly  of  Ter- 
tiary age.  The  latter  rocks  seem  principally  to  occur  in  the  Carling- 
ford district  on  the  south  of  the  Lough,  and  are  variable  in  character ; 
some  being  similar  in  aspect  to  some  of  the  typiciil  elvanites  ;  while 

*  A  Handv-book  of  Rock  Names,  p.  71.     London,  Robert  Hardwicke,  1873. 
'  Geol.  2Iao.  July,  1875,  p.  298,  et  seq. 
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olhere  are  more  or  Iftsa  ooarsely  trystalline  rocka,  in  which  pyRMcenic 
mineralB  usually  predominato.  These  rooks  are  protruded  in  larger  or 
smaller  masses,  and  allied  to  tiiem  are  dykes  of  a  maculated  basic  rock, 
one  of  the  hybrid  rocks  of  Dnrocher.  These  dyke  rocks  are  >-ery 
undecided  in  composition,  ani  in  places  may  be  classed  as  dolerite, 
while  in  others  they  must  be  called  cither  FeUlone  or  Trachyte. 
These  maculated  rocks  seem  to  graduate  into  Dolerite  and  Augite, 
similar  to  and  probably  of  the  same  age  as  the  Tertiary  doIerit«a  of  the 
Co.  Antrim.  A  typical  elvanoid  rock  belonging  to  one  of  these  groups 
(fourth  or  fifth)  occurs  at  Goragh  Vi'ood  (where  it  is  extensively 
worked),  coming  up  as  a  mass  ttirough  the  older  Newry  granite. 
Tiiis  rock  would  answer  the  description  for  Nevadite,  and  possibly 
may  be  one  of  tlie  granitic  roeks  belonging  to  the  trachj'tes  of  Antrim. 
The  rooks  in  tlie  country  about  Carlingford  Lough  at  present  are 
only  partially  known  ;  thu,  however,  ought  not  to  be  for  long,  as  they 
have  been  carefully  examined  by  Mr.  Truill. 

In  conclusion,  I  may  mention  that  in  the  Mourne  district  fo  the 
north  of  the  Lough,  Mr.  Traill  found  some  of  the  dykes  similar  to  and 
probably  of  the  same  a^  as  the  maculated  dykes  of  the  Carlingfoni 
diatriot,  tliat  at  their  margins  suddenly  changed  into  a  vitrioid  rock, 
locally  culled  Bottleite,  that  when  examined  by  our  coUengue, 
F.  Kutley,  F.Q.8.,  was  pronounoed  to  he  Traclialite.  This  tntchalito 
in  plaoes  oasumes  a  fibrous  struoture,  apparently  somewhat  aiuiilar 
fo  that  described  in  the  obsidian  of  Ponza  by  Judd.  and  from  fibrous 
it  seems  in  places  to  [wss  into  a  minute  columnar  structure,  the  rock 
at  the  same  time  changing  into  anamesito  or  basalt.  Judd  seems 
to  bo  of  opiuion  that  this  fibrous  structure  is  due  to  extreme  preEsure  ; 
with  this  I  cannot  agree,  as  it  may  occur  in  places  where  the  dykca 
eviilcntly  occur  filling  shrinkage  fissures.  Many,  indeed  most,  fibrous 
varieties  of  minerals  and  rocks,  seem  to  bo  due  to  cryBtailioe 
structure,  the  substance  being  deposited  from  solution ;  this,  however, 
iii  not  always  the  ease,  as  in  some  instances  the  process  seems  to  have 
been  somewhat  similar  to  drawing  out  heated  glass  into  hairs. 
Such,  however,  could  scarcely  be  due  to  pressure,  and  in  many  places 
where  observed  it  looks  as  if  the  foundations  of  the  dyke  hail  given 
way,  and  that  films  between  the  consolidated  portion  of  the  dykes,  or 
one  of  its  walla,  had  been  drawn  out  while  the  dyke  was  sinking. 

W'bxford.  G.  H.  KiNAHAN. 


GLACIAL  EROSION. 

Sir, — There  are  some  points  in  Mr.  Goodchild's  interesting  com- 
munications on  Glacial  Erosion  {Geo  l.  Mao.  pp.  323,  366),  concerning 
which  I  should  like  to  make  a  few  remarks.  As  1  have  not  the 
advimtnge  of  much  knowledge  of  the  principal  district  which  he 
describes,  I  cannot  attempt  to  discuss  them  in  detail,  but  as  most 
]ioints  in  his  description  appear  to  me  to  be  common  to  all  similar 
districts  that  I  have  seen,  I  venture  to  ofler  two  or  three  general 
criticisms. 

Ho  objects  (p.  328)  fo  the  theory  which  attributes  the  formation 
of  rock  ledges  mainly  to  fluviatile  action,  because  of  (1)  their  height 


aborethe 

klism  of  tile  mbs  ob.  vf^Kmat  sos  af  ia«  tiZjcts  :  4 
eDoe  of  the  pecidinasf  ir  iicn  sxk  9  i^  suczty  cif  i^  Veifi. 
with  legtfd  to  dvie  ccofleBi3&&.  I  sutivbks  laas.  k^  iu>  w  st 
memoij  serrfii  ae,  f^K^-  v:«l£  iiiui  zz  frvrr  i£j1t  ckszvt  :kiK  I 
haTO  seen,  viMve  bniifri  nss  nf  a  fruFig'  GkKucGar  €x&  w^Mtter 
the  distncft  bai  been  exf tSMfi  tc-  cvfc^ii!  aciaiin  cs*  nx :  ajso  ihtf  i:  k 
no  luicomiiMB  tlii&^  v>  aae  &  xiv^cr  Tillfj,  vi^  no;:^  £ix  be«i.  ikr 
wider  than  the  frosaTrg  ss^aaa.  In  •:«»■  aaii»  tLaw  vaj  he 
explained  br  the  TK^iane  c^  iht  sraaza  beiiuc  f  crdo^t  creaxex.  as  it 
no  donbt  waa  oocanonalJT  ir  pass  lifscrr :  in  oihen  the  s2  .^w  motion 
of  the  riTer  from  one  s-ie  of  ths  Taller  lo  the  other  woqII  scfEctp. 
Further,  that  if  a  oonfi^iDati'^  w<ere  <mx  givm  to  the  hanks  of  the 
valley,  and  these  were  afiemda  cat  back  in  tolerablr  hoaiO£>»ieoiia 
rock  by  aerial  denndation  only,  the  original  fonn  woidd  still  be  gen- 
erally preaenred,  beoaoM  the  TeoeaaicMi  w<cHild  be  ^proxinuu^ly 
nniform  throogfaont.  These  fj^ienomena  are  to  be  aeen  in  the 
Talleys  of  the  Alps  and  the  Jora.  and  if  he  is  prepared  to  attribote 
these  wuunlff  to  glacial  eronon,  he  most  get  OTer  aome  objections  to 
which  I  will  presently  refer. 

Is  it  necessary  that  swallow-holes  shoald  be  formed  by  stPdams  ? 
Of  course  streams  may  form  them — witness  Gaping  Gill ;  bat  1  h^ive 
seen  districts  riddled  by  swallow-boles,  as  the  **  Stony  Seas  "  of  the 
Hastem  Alps,  which  were  evidently  formed  by  the  rain  drainage  of 
a  very  small  area.  Some  of  those  also  in  the  Chalk  have,  I  tbiiuk, 
been  simply  dissolved  out  by  the  subterranean  drainage  of  a  very 
limited  basin.  The  formation  of  a  swallow-hole,  I  think,  mainly 
depends  on  the  nature  of  the  rook.  I  have,  however,  seen  in  the 
Alps  swallow-holes  which  have  been  modified  by  the  erosive  action 
of  the  streamlet. 

The  large  amount  of  debris  supposed  to  have  existed  on  the  Rurfivoe 
before  the  Glacial  Period  seems  to  me  an  assumption.  Many  parts 
of  the  great  insular  mass  of  crystalline  rock  in  Central  Franco  had 
almost  certainly  not  been  under  water  from  a  very  remote  epoch,  a 
l^ge  portion  of  it  certainly  not  since  Miocene  times ;  yet  thon.^  is  no 
great  amount  of  surface  debris  here,  and  I  suppose  we  may  diH)>on8o 
with  an  ice-sheet  for  Auvergne  ?  Surely  also,  as  soon  as  a  layer  of 
a  few  feet  of  debris  had  formed  on  the  surface,  it  would  greatly  pro- 
tect the  rock  beneath  from  all  agencies  but  those  of  i)eroolating  wator? 
Again,  with  regard  to  Mr.  Goodohild's  explanation  of  tlio  almenoc  of 
ice-marks  from  the  higher  parts  of  mountains  (p.  3G0).  If  a  glnoior 
is  an  erosive  agent  of  such  power,  as  ho  bu))))()bos  it  to  bo,  a  vory 
limited  duration  of  contact  with  the  upper  rocks  ought  U)  Muflloo  for 
imprinting  its  "handwriting  on  the  wall."  TIiuh,  making  <jvory 
allowance  for  greater  exposure  to  weather,  wo  ought  now  and  thnn 
to  find  the  blurred  remnants  of  these  inHcriptions.  1  havo  olinilx'd 
more  than  most  men  in  the  regions  of  ghioiers,  but  uhvot  huw  tlntin. 
To  my  eyes  the  transition  from  weather- worn  U>  um-wnvu  rooks 
appears  usually  rather  abrupt,  and  at  a  regular  hoighi. 

Finally  is  there  evidence  at  all  that  glaciers  ^fOHHeaa  thU  it 
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erosive  power?  I  have  sbown  (Quart.  Joum.  Geol.  Soo.  xivii,  312  ; 
xxiit.  382  ;  xsx.  479)  that  ia  several  districts  of  the  Alps  there  is 
evidence  that  the  ginciera  have  deeconded  iiuportaDt  valleys,  filling 
them  almost  down  to  the  level  of  the  present  torrents,  ;et  have  been 
incompetent  to  modify  their  principal  features,  which  are  most 
charnct^rifitically  those  of  fluviadle  erosion.  Thia  argumont,  1  venture 
to  afisert,  has  never  been  met.  Kvery  year  that  I  travel  gives  me 
fresh  iustancea,  and  during  the  present  summer  I  have  met  with  one 
or  two  other  curious  fuota  bearing  on  the  subject  of  glacier  erosion, 
which  I  hope  to  be  permitted  to  lay  before  the  readers  of  this 
Magazine  in  a  month  or  two. 

1  have  thus  ventured  to  indicate  some  of  the  reasons  why  Hr. 
Ooudchild's  arguments  fail  to  oonvmce  me.  If  they  seem  rather 
ourtty  stated,  J  must  ask  bini  to  believe  it  is  because  I  am  trying  to 
diseusB  in  a  letter  a  subject  which  requires  a  lengthy  article. 

T.  G.  BoiTOiT. 

St.  Johh's  C0U.EOE,  Cahbridoi,  Aug,  9lh,  1B7G. 

THE  POST-PLIOCENE  FOHMATIONS  OF  THE  ISLE  OF  MAN. 
Sir, — Will  you  kindly  allow  me  space  for  a  brief  rejoinder  to  the 
articles  by  Mr.  Home  and  Mr.  Kinahan  in  the  July  Number  of  the 
Geological  Maoazine? 

1.  AUovriog,  as  Sir,  Home  says,  that  intercalated  beds  of  sand, 
gravel,  etc.,  are  of  common  occurrence  in  the  Lower  Boulder-clay, 
sfill  I  LMunot  sec  th^it  this  enlirelj  dcslrojK  llio  ftin-i^  of  ll;p  ar^ruiiieiit 
A  priori,  that  they  would  probably  be  of  more  frequent  occurrence 
in  a  deposit  like  the  Upper  Boulder-clay,  which  was  formed  when 
the  cold  was  less  severe,  and  warm  seasons  ofteiier  to  be  expected ; 
and  therefore  that  the  highest  beds  in  the  Isle  of  Man,  which  Mr, 
Home  considers  Lower,  are,  so  far,  more  likely  lo  be  Upper  Boulder- 
clay. 

2.  Although  it  may  bo  true  that  the  glaciers  of  the  post-sub- 
mergence period  were  confined  mainly  to  the  upland  valleys,  and 
therefore  that  moraines  might  be  all  the  memorials  to  be  expected  of 
them,  sfill  the  sea,  both  before  and  after  the  second  continental  period, 
must  have  contained  ice  in  BuiBcieut  quantity  to  produce  a  thick  de- 
posit of  clay,  such  as  in  Lancashire,  for  example,  is  found  extending 
from  an  elevation  of  above  1000  feet  to  tho  cliffs  on  the  sea-coast 
(see  Geol.  Survey  Map  91) ;  and  it  was  principnlly  to  marine  coast- 
ice,  and  not  to  glaciei-s,  that  I  attributed  the  Upper  Boulder -clay  in 
the  Isle  of  Man. 

3.  No  doubt  Mr.  Home  is  right  as  to  the  general  characteristics 
of  Lower  Boulder-clay  in  South  Scotland,  viz.  that  it  is  a  lough  clay 
with  an  abundance  of  ice-marked  stones,  witliout  stratification,  and 
without  shells.  But  even  this  true  Lower  Boulder-clay,  or  Till, 
varies  according  to  the  nature  of  the  rocks  from  which  it  is  derived, 
and  it  was  with  the  Lower  Bouldor-clay  as  it  appears  in  the  cliffs  at 
Blackpool,  end  not  in  Scotland,  that  I  compared  the  deposits  which 
I  have  taken  to  be  such  around  the  point  of  Ayre.    If,  however,  they 

^ahould  prove  not  to  bo  Lower  Boulder -cky  properly  so  called,  nor 
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one  of  the  intercalated  beds  with  sand  and  gravel,  they  might  at  least 
easily  be  a  portion,  probably  a  lower  portion,  of  the  Middle  sands  and 
gravels,  and  so  still  the  lowest  Post-Pliooene  formations  in  the 
island. 

It  seems,  from  what  I  have  learnt  from  Mr.  Home's  and  Mr. 
Einahan's  papers,  as  if  there  was  a  dififerent  division  of  the  glacial 
series  recognized  by  some  geologists  in  Scotland  and  Ireland,  from 
that  adopted  by  the  Geological  Survey  for  the  north-west  of  England ; 
the  former  consisting  of 


the  latter  of 


1.  Lower  Boulder-clay. 

2.  Upper  or  Moraine  Boulder-drift. 
8.  Kame  or  Esker  Drift.^ 


1.  Lower  Boulder-clay. 

2.  Middle  Sands  and  GraTels. 

3.  Upper  Boulder-clay. 

and  it  would  certainly  be  a  point  of  some  interest  to  determine  to 
which  order,  or  if  to  either,  the  Post-Pliocene  deposits  of  the  Isle  of 
Man  conform.  But  I  think  this  must  be  decided  by  stronger  evidence 
than  that  of  the  section  at  the  southern  end  of  the  island  to  which 
Mr.  Home  refers,  and  with  regard  to  which  his  words  admit  of  a 
double  doubt — first,  whether  the  underlying  formation  is  really  an 
Upper  Boulder-clay,  and  not  a  Lower ;  and  secondly,  whether  the  clay 
with  shells  there  is  certainly  identical  with  the  shelly  clay  in  the  north. 
It  must  be  decided,  if  not  by  direct  evidence  of  superposition,  at 
least  by  further  probable  evidence  of  such  superposition,  and  also, 
as  far  as  possible,  by  that  of  Molluscan  contents.  Do  the  shells  of 
the  Isle  of  Man  deposits  resemble  more  those  of  the  Blackpool  Middle 
sands  and  gravels,  or  those  of  the  Clyde  and  Forth  basins  (of  a  more 
Arctic'  character),  with  which  Mr.  Home  identifies  these  beds?  With 
regard  to  Mr.  Home's  lithographed  section,  it  seemed  to  me,  though 
on  slight  evidence,  when  on  the  spot,  rather  as  if  the  red  clay  of  the 
north  of  the  island,  in  the  bed  of  the  Ballure  stream,  passed  under 
the  clays  and  gravels  which  the  lithograph  represents  as  Lower 
Glacial. 

In  answer  to  Mr.  Kinahan,  I  need  only  say  that  I  have  used  the 
term  "  Glacial  Drift  "  in  the  sense  in  which  I  find  it  used  (or  at  least 
language  which  implies  such  a  use  of  it),  by  the  highest  authorities 
from  Forbes  till  now,  that  is,  of  Drift  formed  whether  by  ice  alone, 
or  by  ice  and  sea  together  [i.e.  Marine  Glacial  Drift),  during  the 
Glacial  Epoch.  No  doubt  much  glacial  drift  in  all  ages,  including 
that  of  its  first  formation,  has  been  reconstructed  in  the  manner 
explained  by  Mr.  Kinahan,  but,  with  deference  to  him,  it  is  difficult 
to  believe  that  extensive  deposits  like  the  Middle  sands  and  gravels, 
and  the  Upper  Boulder-clay  (in  Lancashire  and  Cheshire),  have  alto- 
gether or  chiefly,  been  formed  in  this  way.     These  would  still  seem 

*  Mr.  Kinahan  and  Mr.  Home  identify  these  with  the  Middle  or  **  Marine " 
(Irish)  gravels,  though  I  had  been  led  to  believe  that  the  ditference  between  them 
was  Rufhciently  marked  by  the  presence  of  shells  and  chalk-tiints  in  the  latter,  and 
their  almost  entire  absence  in  the  former.     (See.  Geol.  Mao.  Dec.  1869,  p.  644.) 

'  See  Geol.  Mao.  Dec.  1869,  p.  648. 
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to  be  attributftble  rather  to  icefIo«s  and  icebergs  and  to  coost-ioe  i 
glaciers  <iepositing  ibeir  moraiuea  in  the  eea :  and  therefore  woald 
properly  oome  under  the  description  of  Marine  Glacial  Drift 

Drift,  however,  which  has  been  reconstructed  trace  the  Qlaciol 
Epoch  oould  DOt  of  oourse  be  cooaidered  glacial,  but  would  perhaps 
be  appropriately  distinguished  as  "  glacialoid." 

The  question,  however,  of  the  nomeoolature  of  Glacial  Drift  is  quite 
beeide  Utat  of  the  ordar  of  the  deposits  at  present  uoderBtood  by  that 
term. 

I  regret  that  I  should  seem  to  have  tnieqnoted  Mr.  Einabati's 
letter ;  but  I  think,  for  1  have  not  the  Numbers  of  tlie  Oeol.  Mao.  at 
hand,  he  miiat  have  raisumlerstood  me,  tm  I  was  quite  aware  that  he 
admitted  an  Upper  Boulder-claj  in  Ireland,  but  not  one  above  the 
Middle  gravels,  which  was  the  only  one  to  which  I  referred. 

J.  A.  BiBDB. 
Tehbt,  Aug.  Zrd,  1876. 

PHOFESSOE    Q.    P.    DESHAYES, 
FoK,  Mehb.  Giol.  Soc.  Lohd. 

GebaU)  Paul  Dxsh&vks  was  bom  at  Naacy,  13tfa  May,  1797,  his 
father  being  at  the  time  Professor  in  the  Central  School  of  that  city. 
He  was  educated  at  Strasbourg,  and  came  to  reside  in  Paris  in  1819, 
wliere  lie  foniinonccd  the  study  of  fossil  shells,  for  wliiib  iu  after 
years  he  became  so  justly  celebrated. 

Among  other  foreign  explorations,  he  Tisited  Algeria,  and  sub- 
sequently published  tlie  results  of  his  expedition  in  a  work  remarkable 
alike  for  the  beauty  of  its  illustrations,  aa  well  as  for  its  high  scientific 
valne. 

A  careful  study  of  his  extensive  collections  of  Tertiary  shells 
(greatly  fiicilitatcd  by  bis  intimate  acquaintance  with  recent  species) 
had  suggested  to  Deshayes  the  propriety  of  dividing  them  chrono- 
logicjdly  into  three  great  groups,  according  to  their  relative  ages. 
These  groups  were  found  to  agree,  in  the  main,  with  the  divisions 
arrived  at  by  Lyell,  and  to  which  he  subsequently  gave  the  names 
of  Eocene,  Miocene,  and  Pliocene.  To  give  weight  to  this  classifi- 
cation, Lycll  induced  Deshayes  to  prepare  a  scries  of  tables,  which 
appeared  in  the  third  volume  of  the  first  edition  of  the  "  Principles," 
in  1830. 

Deshayes'  collections  served  as  the  basis  of  Ins  great  work,  "  On 
the  Fossil  Shells  of  the  Environs  of  Paris'"  {published  from  1824-37, 
and  tbo  subsequent  supplement  extending  from  1656  up  to  1867), 
forming  eight  great  quarto  volumes.  Ho  published  an  Elementary 
Treatise  on  Concliolt^y ;  and  he  revised,  with  Professor  H.  Milne- 
Edwards,  Lamarck's  llistoire  des  Animnux  sans  Vertebres,  and 
Ferussac's  Tlistoire  des  Mollusques  Terrestres  et  Fluvintile.  He  pre- 
pared the  Catalogue  of  the  Veiieridx  for  tbo  British  Museum.  He 
also  published  numerous  Memoirs,  both  separately  and  in  Tariou* 
scientific  journals. 
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M.  DeeliAjes  was  one  of  the  original  founders  of  the  Geological 
Society  of  !FVance,  of  which  he  was  several  times  President  The 
decoration  of  the  Legion  of  Honour  was  conferred  upon  M.  Deshayes 
in  1837. 

His  fine  collection  of  Tertiary  fossil  shells  was  purchased  by  the 
French  GU>vemment  for  £4000,  and  is  now  preserved  in  the  Museum 
of  the  £cole  des  Mines,  Paris. 

M.  Deshayes  was  appointed  in  1869  to  Lamarck's  Chair  of  Natural 
History  in  the  Museum  d'Histoire  NatureUe. 

So  long  ago  as  1841,  Prof.  Deshayes  was  elected  a  Foreign  Member 
of  the  Geological  Society  of  London.  On  three  occasions  (1836, 
1856,  and  1864)  the  Geological  Society  awarded  M.  Deshayes  the 
proceeds  of  the  Wollaston  Donation  Fund,  to  assist  him  in  his  long- 
continued  researches ;  and  shortly  after  their  completion,  in  February, 
1870,  they  awarded  him  the  Wollaston  Gk>ld  Medal,  ''  as  an  expression 
on  the  part  of  the  Society  of  the  high  estimation  in  which  his  services 
to  Paleontology  and  G^logy,  especially  in  regard  to  the  classification 
of  the  Tertiary  formation,  are  held  by  the  the  geologists  of  this 
country."  * 

Perhaps  the  highest  commendation  of  Prof.  Deshayes  (from  one 
who  was  intimately  acquainted  with  him  for  many  years)  is  that  he 
**  found  him  always  desirous  to  communicate  all  the  information  in 
his  power  to  those  who  asked  it  from  him.*' ' 

M.  Deshayes  died  on  the  9th  June,  1875,  in  his  79th  year. 


WILLIAM  JORY  HENWOOD,  F.R.S.,  F.G.S. 

Anothkb  veteran  in  the  great  army  of  Science  has  been  lost  to  its 
ranks  ;  one  whose  contributions  to  mineralogy  and  whose  acquaint- 
ance both  vnth  the  theory  and  practice  of  raining  and  the  mode  of 
occurrence  of  mineral  veins  has  made  his  name  known  and  respected 
by  both  scientific  men  and  miners  all  over  the  world. 

William  Jory  Henwood,  bom  at  Perron  Wharf  on  the  16th  July, 
1805,  was  the  son  of  Mr.  John  Hen  wood,  sprung  from  an  ancient 
Cornish  family  at  Levalsea  in  St  Ewe.  His  father,  like  many 
others,  had  lost  largely  by  his  connexion  with  the  first  Cornish 
Silver  mine,  the  "  Huel  Mexico,"  which  raised  about  £2000  worth 
of  ore  at  a  far  larger  expenditure. 

Young  Hen  wood  began  life  in  1822  as  a  derk  in  the  office  of 
Messrs.  Fox  and  Co.,  of  Perron  Wharf,  where  he  continued  five  years. 
Happily  the  nature  of  his  employment  enabled  him  to  commence 
those  investigations  into  the  metalliferous  deposits  of  Cornwall  and 
Devon  which  occupied  his  undivided  attention  for  nearly  60  years. 
The  first  mine  he  visited  underground  was  the  Wheal  Herland  in 
Gwinear  in  1825,  and  his  first  scientific  paper  was  read  before  the 
Boyal  Geological  Society  of  Cornwall  in  1826. 

»  Extract  from  speech  by  Prof.  Huxley,  LL.D.,  F.R.S.,  President  Geol.  Soc.  1870. 
See  Qaart.  Joum.  Geol.  Soc.  1870,  vol.  xxvii.  p.  xxvi. 

'  Extract  of  a  letter  from  Thomas  Davidson,  Esq.,  F.R.S.,  F.G.S.,  to  whose 
kindness  the  Editor  is  indebted  for  most  of  the  facts  regarding  M.  Deshayes*  life. 


For  the  next  30  yean  com  Tannics  tioiu  fmm  hia  pen,  io  erery  ci 
irido->]iTeai1  ohjeiiation  ind  mut-b  patient  thonght,  appeared  in  rapid  suMwatnn 
in  the  pages  of  thin  and  other  acientilic  aociHties.  The  titlea  of  no  Iswar  tban  a6 
wpwale  pnptra  by  Mr.  Henwood  are  gi*en  in  the  Catalogae  of  Seicntifie  Papers 
pobliabed  by  the  Royal  Society,  and  a  atill  longer  liA  appeon  in  tlie  Bibliodie<^ 
Cemubieiuiii. 

Tbe  whole  of  the  6ftb  volume  of  tba  Tmnaaclioiu  of  the  Geulo^eal  Society 
of  Cornwall  wa*  in  1813  devoted  to  Mr.  Eenwoode  obeervationB  "  On  the  Metalli- 
furoiLS  Depoeils  of  Cornwall  end  Deynn  "  (S12  pp.  and  12S  plntea  and  tablee).  In 
1871  tbe  fiaoie  Society  devoted  their  eighth  volume  (o  the  pnblicitioo  of  Mr.  Hen- 
vood'g  OtiBercntioiH  on  Foreign  and  MetnUiferoiis  Depoaita,  a  Tolume  eveii  bulkier 
than  iti  predoccnor. 

In  1832  Mr.  Henwood  w«  selected  as  Assay  Muler  and  Supemior  of  Tin  in  the 
Dncby  of  Cornwall,  an  office  which  be  held  until  the  coinage  dutie*  were  aboUahed 
in  1838,  when  he  retired  on  a  peOEiion.  In  1S37  the  Institution  of  CiTil  Engiaem 
ftwanled  him  the  Telford  tledul  for  hie  paper  on  Fumpicg-cnginee  in  Cornish  Mines. 
In  1B40  ho  was  elscted  a  Fellow  of  the  Royal  Society.  In  1843  be  went  to  Itruil 
to  take  charge  of  the  Gongo  Soco  Uidgb.  From  Brazil  he  repaired  to  India  in 
ISfiS,  U)  report  on  the  metallifeioiu  depo«its  of  Kumaon  and  Gorbwal  in  North- 
Western  India. 

He  Snally  retired  from  sotiTe  life  in  1B58,  spending  bis  latter  years  in  Penznnc«. 
In  1S69  he  was  elected  President  of  the  ILoyal  tnstitutioa  of  Cornwall,  to  which  be 
eommunicRted  nnmeroni  papers  and  addresses. 

So  lately  as  the  prwcnt  year  he  «n«  presented  with  tbe  UnrchiMn  Medal  bj  Iho 
^  'Conncil  of  tbe  Oeological  Society  of  London. 

He  died  on  the  5tli  Aupu^t  in  his  sevcnty-flrnl  year,  highly  esteemed  by  all  who 
knew  him.  Comiehmen  may  well  be  proud  lo  claim  him  as  one  ot  their  own 
countrymen.!  ___^ 

IdZISCELL-A-lSrEOTJS. 

Mr.  William  Davies,  British  Mdsbum. — It  will  be  a  source  of 
onfeigued  salisfnction  to  all  geologists  to  leara  that  Mr.  William 
DavicH,  who  bns  demoted  more  than  thirty  years  of  his  life  to  the 
service  of  the  Trustees  in  the  Geological  Departmeat  of  the  British 
Museum,  has  at  length  been  appointed  au  Assistaut,  and  will  hence- 
forward occupy  a  recognised  position  in  this  scientific  Department. 
It  will  not  lie  forgotten  that  Mr.  Daviea  whs  awarded  tbe  first  Mur- 
chison  Medal  liy  the  Council  of  the  Geological  Society,  in  1873,  in 
recognition  of  bis  valuable  services  to  Pal  icon  to  logical  Science. 
TlioKo  who  are  acquainted  with  Fossil  Fishes  will  be  able  to  testify  Io 
his  great  knowledge  of  this  group,  which  has  rendered  this  pari  of 
the  National  collection  es]M;cially  perfect  His  labours  in  reconstruct- 
ing the  Fossil  Mammalia  of  the  Pleistocene  Brick-enrtJis  of  the  Thames 
Valley,  and  his  Catjilogue  of  the  fine  series  of  specimens  from  these 
beds,  collected  by  Sir  Antonio  Brady,  F.G.S,,  and  recently  acquired 
for  the  British  Museum,  attest  his  extensive  practical  acquaintance 
with  comparative  anntoiny.  We  trust  his  life  may  be  prolonged 
and  hia  services  continued  for  many  years  to  come,  to  bis  own  honour 
and  for  the  good  of  science. 

'  Drown  up  ami  nhslrnclvd  from  an  eloborate  memoir  kindly  sent  by  W.  rridesui 
Courtney,  Esq.,  to  the  Editor. 
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ABSTRACT  AND  CONTENTS  OF  LECTURE,  &c. 

March  22,  1875. 
By  a.  Tylor,  F.G.S. 

PAGBS 

1.  Atmospheric  condidons  at  the  time  of  arrival  of  man  upon  the  earth 

very  different  to  present  conditions,  in  fact  a  pluvial  period 437 

2.  Method  of  formaiion  of  rock  basins  or  deep  lakes  in  mountainous 
districts  by  excavation  out  of  solid  rocks  by  lake  glaciers    ...         438,  446 

5.  New  explanation  of  mode  of  excavation  by  glaciers,  dependent  or 
consequent  upon  the  expansion  of  water  at  the  bottom  of  the  lake 
during  the  act  of  freezing  ;  this  water  not  being  produced  by  the  sun's 
heat,  but  by  the  friction  o(  ice  upon  ice  during  the  motion  of  the 
glacier.     Fig.  i    ...         ...         ...         ...         ...         ...         ...         ...    439 

4.  Glacier  motion  described  and  compared  to  that  produced  by  building 

upon  a  marsh  a  tower  or  railway  embankment  ...         ...         ...     440 

5.  Deep  lakes  are  never  found  except  close  to  mountains,  as  represented 

Fig.  1    ...         ...         ...         ...         ...         ...  ...         ...        439f  44^ 

6.  Machine  for  proving  the  amount  of  friction  of  ice  upon  ice,  or  what  is 
termed  the  co-efficient  of  friction.     Fig.  3      441 

7.  Experiment  on  velocity  of  sliding  bodies,  proving  that  velocity  is 
nearly  twice  as  great  when  the  weight  on  one  of  two  similar  sized 
pieces  of  ice  is  increased  eight  times.     Fig.  4...         ...         ...         ...     442 

8.  Kegelation  only  occurs  when  there  is  a  thin  film  of  water  between  two 
pieces  of  ice,  that  is,  when  the  quantity  of  water  is  so  small  that  part 
can  be  evaporated  or  conveyed  by  endosmosis  into  the  pores  of  the 
adjacent  ice  as  if  it  were  a  colloid,  abstracting  heat  from  the  remaining 

IV^SLLC*  •••  •••  •••  ••»  •••  •«•  ••«  •*«  cL 39}  4''t * 

9.  Rivers.  Absence  of  a  special  work  on  rivers  remarkable,  when  there 
are  so  many  books  on  glaciers.  It  is  important  to  know  the  quantity 
of  siliceous  matter  rivers  push  annually  out  to  sea,  as  this  is  probably 
twice  as  large  as  the  material  they  carry  off  the  land  in  suspension. 
I  estimated  in  1853  that  the  whole  land  of  the  globe  was  lowered  one 
foot  in  nine  thousand  years  by  river  action  ;  but  by  conputing  the 
siliceous  matter  pushed  out  to  sea,  I  correct  the  calculation,  and  esti- 
mate the  average  denudation  at  one  foot  in  two  thousand  years  ...443, 469 

10.  Explanation  of  uniform  mean  motion.  Proof  by  observation  that  the 
mean  velocity  of  every  navigable  river  is  nearly  constant  throughout  its 
course,  on  any  day,  or  that  increase  of  quantity  flowing  has  an  equal 
effect  in  increasing  velocity  that  decrease  of  slope  has  in  decreasing 
velocity  :  Fig.  9.     The  equation  to  uniform  motion  is  given  page  447,  466 

11.  Longitudinal  section  of  Rhine,  showing  that  hard  strata  raise  the  flood 
level  above  the  theoretical  curve,  and  that  soft  strata  allow  the  flood 
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lrv»l  to  Ml  belmv  the  theoreli<al  curve,  a  parBbola  with  horuontal  ub, 


lrv»I  to  Ml  belmv  the  theoreli<al  curve,  a  parBbola  with  horuontal  um, 
Figs.  5  and  jA,    Toinsveise  section  of  Hirwnin  Valley,  Fig.  5B,  iI>o 

in  ]»rabolic  curve,  from  my  own  Borvcjr  444<  4 

13.  Drawing  rrom  nbservatioQ  of  a  stream  at  a  small  ilope.  Fig.  b.  Vtiao, 
Fig.  7,  of  a  uren.ni  wtih  the  same  quantity  flowing  at  a  steeper  slope, 
showing  the  difference  of  stability  or  stand  up  of  a  running  stream 
represented  by  the  difference  ofdepih  o(  water  under  the  rame  drcnm- 
ilances  of  ilopc  Hilherlii,  slope  hn*  often  been  atone  Ulten  into 
accaunc  ae  the  canie  cf  velocity,  vitbout  calculating  the  quantity 
Howii^.    Explanation  of  tymboU         44?.  ♦ 

13.  Diftnent  velocities  of  ilreamf-  of  difTcrtnt  sii«s  show,  tlial  with  abont 
twelve  (imea  the  quantity  flowing  at  the  Mine  slope,  th«  rdocitr  wis 
incrtased  about  two  and  a  half  Iimci,  or  as  the  cube  root  of  the  in- 
erewed  qiiantily.     Fig.  8...         ...         ...  ..  4 

14.  I'Inn  of  Mississipni,  showing  the  width  at  Iwenty-two  different  town*. 
the  curvilinear  nver  course  beine  rcpresenieii  by  itraight  lines.  All 
navigable  rivers  dwccuse  in  witltlianil  increase  in  depth  until  they 
approach  the  sea.  A  bsr  ia  formed  by  the  opposing  current  of  sand 
or  tnud  moved  alone  the  bottom  of  the  river  up  a  steep  eradjenl  (10 
feet  inamilein  the  Mississippi),  meeting  the  sand  conlinnally  brought 
up  by  wind  wnves  from  the  sea.  Tlie  opposite  forces  encounter  at  the 
bar  ;  a  j^ttM  quantity  of  mud  and  auid  overcomes  the  opposition,  and 
is  earned  along  share.  Colonel  Tremenheerc  found  hy  expciuoenl 
thai  the  material  projected  into  the  ocean  by  the  Indus  travelled 
hundreds  of  miles  along  shor*,  and  was  found  in  the  haiboui  of 
KumdiM.  The  long-aboie  current  wu  often  one  mile  per  hour,  and 
cMlhtned  in  the  mme  direotton,    Ff^  li,  11,  uid  tj         ..^        ...  4 

15.  Plan  of  Amnion,  a  river  3.000  miles  long,  with  ibe  acute  angle 
junctions  .>r  iribiiin.it.;  at  the  tMremi\ies  ncir  walei,hols,  and  the 
oihcr  juncliiins  nc.irly  rtclaiit^ular,  'll.c  junctions  are  rcclnngular 
particularly  ulicii  the  main  siroam  is  very  large,  and  the  junction>  in 
diluvium.     Kig.  14...         ...  4 

16.  Represent atinn  of  the  junction  of  the  Retl  .md  other  tributary  rivers  at 
acute  angles  ivilh  the  Mi-«-i^sipj)i.  The  groat  river  isdeflecled  from  its 
course  by  the  im|)act  of  the  Red  River,  and  Hows  in  a  line,  the  resullaiit 
of  the  two  forces.     A  main  rivet  is  merely  (lie  junctions  between  iribu- 

resullant  of  alcmate  and  opposite  forces  of  side  streams  throughout  its 
course.      I-'ig.  IJ ...  * 

17.  Kcpreseniation  of  the  same  stream?  with  rectanguUir  junctions,  to  show 
how  absurd  such  an  arrangement  appears.     Fig.  14 ...  4 

■  E.  Law  of  allemale  lienillamls  and  coombs  (coombs  arc  steep  dry,  or  wet 
valleys).  These  arcfuundalongeveiy  valley  in  the  world,  formed  with 
more  or  less  regularity.  The  ciioml>s  and  slopes  are  often  originally 
CKcavateil  by  the  water  is.suing  from  springs  along  the  tops  of  the  un- 
stable and  impermeable  strata  cropping  out  along  the  sides  of  the 
valleys.  The  spring  naler  dislodges  the  face  of  the  slalitc  or  per- 
meable strata,  anil  leaves  the  liarel  edges  of  the  roch  at  a  sleep  angle, 
which  edges  in  the  imneniicablc  strata  or  clays  are  sloped.  Fig.  ij 
represents  a  valley  in  chalk,  where  the  ylrala  are  of  unifomi  permea- 

19.  Delta  of  D.iimbc,  showing  main  '.tream,  dividing  first  near  the  rocI;s  of 
Toultelia,  wliere  there  are  no  longer  any  side  stream,  or  hani  rocks  lo 
keep  Ibe  river  from  branching.     Fig.  17  A 

20.  Main  river  dcllccted  aflcr  receiving  a  branch.     Fig.    16  4 

31.  Velocity  in  a  main  stream  of  Ino  mclre.s  jier  second,  sllo^^^l  in  diagram 
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from  observation,  reduced  in  a  branch  one-half  of  the  size,  to  I  '6  metres 
per  second,  and  again  to  1*27  metres  per  second,  in  a  branch  one- 
quarter  the  size  of  the  main  stream  ;  all  the  streams  at  the  same  slope. 
This  gives  an  idea  of  the  effect  of  weight  in  increasing  velocity  at  the 
same  slope.     If  the  Nile  was  divided  higher  than  at  present,  the  rise 
would  occur  earlier  and  be  higher,  as  the  stream  would  be  slow.   The 
reverse  would  be  the  case  in  the  Rhine.     If  that  river  was  prevented 
from  dividing  at  its  delta  it  would  flow  in  a  swifter  course  to  the  sea, 
and  keep  a  deep  mouth  open  in  the  sea  so  as  to  admit  large  ships     ...  452 
Mount  Tabor,  Fig.  19,  from  a  photograph.     The  outline  is  compared 
with  a  dotted  line  representing  a  binomial  curve,   obtained  from  the 
co-efficients  of  (a  +  by^.     Every  S3rmmetrical  hill  has  a  convex  top 
and  a  concave  bottom,  and  is  steepest  in  the  middle.     This  form,  so 
constant  in  nature,  is  caused  by  the  watershed  being  flat,  so  that  little 
water  flows  upon  the  high  lands,  above  ground.    Springs  escape  at  the 
middle  heights  of  the  valleys  and  widen  valle3rs.     The  action  of 
sub-aerial  nuvial  and  pluvial  denudation  is  not  so  much  to  lower 
watersheds  as  to  widen  valleys.     Thus,  in  a  great  denudation  of  this 
kind  the  maximum  height  ot  the  mountains  and  watersheds  and  the 
depth  of  the  valleys  may  be  constant*    The  valle)rs  could  be  enor- 
mously widened,  and  the  mountain  masses  thereby  emasculated,  with- 
out the  average  height  of  the  land  been  materially  lowered.     This,  of 
course,  supposes  that  as  much  material  is  removed  by  denudation  from 
any  level  above  the  mean  as  from  another  below  the  mean,  or  rather, 
that  the  relative  removals  balance  each  other,  leaving  the  mean  and 
maximum  heights  of  the  land  untouched.     For  this  reason  the  land 
can  never  be  all  removed  below  the  sea  level    ... 
A  representation  of  the  binomial  curve  or  curve  of  denudation,  showing 
how  it  b  set  out.     Fig.  20.     A  symmetrical  hill  curve  ...         ...  452 

23.  Representation  of  form  of  hills  in  different  position,  to  show  that  all 
the  surface  curves  can  be  represented  by  binomial  curves.  The 
Fishback  Hill,  Fig.  21,  is  a  very  common  form,  as  naturally  the 
watershed  is  not  often  exactly  intermediate  between  two  lines  of 
drainage.  Fi^.  21  A,  21  B  and  21  C,  are  sections  in  different  posi- 
tions c?  the  Fishback  Hills        ...        453»454 

24.  Hills  of  Lower  Greensand,  Fig .  2 1 D,  and  hills  of  glacial  drift  in  Sweden, 
can  also  be  represented  by  binomial  curves.     Fig.  21 E  454 

25.  Figs.  23  and  24  represent  the  case  of  water  passing  through  fissures  in 
hard  rock  and  washing  away  the  clay  below,  and  causing  the  formation 
of  Ecclesboum,  which  is  the  type  of  all  valleys.  The  hard  rocks 
falling  into  the  brooks  of  any  district  pave  them,  and  prevent  the 
sands  being  washed  away.  This  is  the  cause  of  Crowborough  Beacon 
standing  900  feet  above  the  sea  :  without  the  iron-sand  rock,  this 
hill  would  have  been  washed  away  by  its  brooks.  The  position  of 
rock  and  clay  at  Ecclesboum,  on  a  very  small  scale,  is  that  of  Niagara 
on  a  very  large  one.  The  slopes  of  surface  or  contour  of  the  land  is 
terraced  or  shaped  into  alternate  walls  and  slopes,  in  consequence  of  the 
water  escaping  over  the  clays,  levelling  the  wet  surfaces  of  clay,  but 
leaving  the  rock  or  sand  standing  up  at  a  steeper  angle  than  the  clay, 
because  less  water  passes  over  it  and  its  stability  is  greater.  This  is  the 
form  of  the  buttress  in  architecture ;  that  is,  the  wall  and  slope  used  is 
the  form  best  adapted  to  resist  atmospheric  action— it  is  the  form  of 

•  Mr.  CroU  has  stated  without  apparently  considcrinR  the  geological  evidence,  that  all  land 
can  be  reduced  to  the  level  of  the  sea,  and  he  calculates  the  time  by,  what  I  consider,  an 
unsafe  method.  He  has  copied  my  method  of  1853,  of  computing  denudation  in  other 
respects,  without  adding  any  improvement. 
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itnbilily.  D!rccllyTe(;cfaHoniM»CT«  Ihe  slope  the  <^rfiiee  become  pet- 
manenl.  The  great  ^oods  b  FtatiM  how  been  pmtnotcd  by  the  woodi 
beiog  cul  down,  llie  toots  Wruld  have  retainpd  the  sill  and  the 
rainialL  The  channels  bring  choked  by  soil  washed  in,  the  crass 
sections  arc  rciluced,  and  enonnouis  floods  ore  the  conicqiieoce.    The 

firocesg  of  denndation  \tj  water  parsing  through  the  pcimeibte  bed 
^>  '^''E'  33i  I^C'  2^  B™!  '>  1^<6-  *4)  evenliullyciuius  the  dettrnctioii 
ol  the  strata  and  the  catling  back  the  valley  by  the  Mrenro.    Alui  te 

Ftg.  18,  Black-Gang  Chine      4S5i<5* 

2ft.  DenndatioQ  of  ths  Weald  and  fomiation  nf  il«  tivrr  gnrges.  Tbt 
process  of  gorge  fonnalion  is  illuslraled  by  Fig.  35,  iht  eurrent  bring 
directed  in  b  particular  direction  by  Unequal  elevation  of  the  strata. 
Arthur  Severn,  the  irell-known  artist,  has  embodloj  the  Ihemeticil 
view  of  Fig.  3S,  in  two  nceilent  views,  Fig.  27  and  aS,  representing 

the  course  of  the  denudation  ofihe  Weald  goiges        457 

27.  The  consequence  of  unequal  rainfall  at  diflercnt  times  of  the  year  is 
illustrated  in  Fig.  31  from  obserratioo,  causine  a  conitant  change  of 
bed  of  rivers  and  horse-ihAc  bends,  deposit  occuiring  on  the  shallo" 

Kide  ofa  stream,  and  eadiTatlon  on  the  deep  side        ...         Ilji 

■"%  Representation  of  a  gorn  cut  oil!  in  CoA  strata  at  Black  Gang  C^ine  * 
by  a    team  p«of  ne  dmudatioB  prodn  ed  n  h  rd     rabi  donng 

F        9  e 
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ALFRED  TYLOR,  F.G.S., 

f  THE  ACTIOM  AND  FORMATION  OF  RIVERS,  LAKES,  AND 
STREAMS,  WITH  REMARKS  ON  DENUDATION  AND  THE 
CAUSES  OF  THE  GREAT  CHANGES  OF  CLIMATE  WHICH 
OCCURRED  JUST  PRIOR  TO  THE  HISTORICAL  PERIOD.* 

{AfofrA  22Md,  1875.) 

[Y  lecture  will  relate  to  the  consequence  of  the  flow  of  water  and  ioe»  that 
is,  to  the  motion  of  rivers  and  streams  and  of  glaciers,  and  thdr  eflbct  in 
ductng  erosion  or  denudation,  as  it  is  called,  of  the  surfiux  of  the  earth. 

hope  to  prove,  bv  diagrams,  the  effect  of  the  excessive  nunlall  and  snow- 
in  former  times,  when  the  earth  received  its  sculpture  or  superficial  configa- 
on.    The  extent  of  the  ancient  rivers  and  glaciers  is  shown  bj  the  dimensiona 

shape  of  the  present  hills,  lakes,  and  valleys.  I  believe,  and  I  hope  to 
vince  you,  that  the  present  forms  and  shapes  of  the  sur&ces  of  the  eartn  are 

to  events  which  happened  at  or  about  the  time  of  the  arrival  of  man,  when 
lospheric  conditions  were  extremely  different  to  those  at  present.  These 
vs  1  have  held  for  twenty  years,  and  they  are,  of  course,  entirely  ocmtimry 
he  views  of  the  late  Sir  C.  Lyell,  who  never  admitted  a  pluvial  period.f 
lien  I  do  not  think,  in  the  present  theory  of  regelation  of  ice  of  Faraday 
1850)  and  Tyndall  (in  1857),  that  these  writers  have  taken  into  account 
the  circumstances  of  the  case. 

2)  The  formation  of  great  and  deep  lakes  is  a  great  difficulty ;  it  has  been 
trted  by  Professor  Ramsay  and  others  that  some  of  the  Swiss  lakes  were 
aed  by  glaciers,  but  the  present  accepted  theory  of  the  motion  of  ice  does 

I  think,  give  a  possible  explanation  of  the  formation  of  large  lakes,  thirty 
brty  miles  long  and  1,200  feet  deep.  Such  a  work  involves  the  carrying 
of  a  vast  quantity  of  material  from  the  lake  bed,  against  the  action  <? 
rity.     (See  Fig.  I.) 

hope  to  show,  by  taking  account  of  what  I  think  has  been  omitted  or  neg- 
ed — ^referring  to  Fie.  i,  which  I  will  now  describe — that  an  upward  and 
vard  movement  would  occur  in  the  lake-glacier,  due  to  the  greater  weight 
he  upper  end.  Then  I  think  one  consideration  has  been  omitted,  vis.  the 
ct  ot  the  friction  of  ice,  during  motion,  in  producing  heat,  by  which  a  large 
ntity  of  water  is  produced.     Fig.  i  is  a  glacier  one  mile  thick,  occupying 

filling  a  lake  1,200  ft.  deep,  and  excavating  it  at  the  rate  of  half-an-mch 
r  the  whole  surface  in  one  vear  in  the  glacial  period. 

think  De  Charpentier  (in  his  "Essai  sur  les  Glaciers,"  1841}  was  right  in 
posing  that  water,  freezing  in  the  glacier  ilself,  and  expanding,  gave  motion 
rlaciers,  although  that  is  disputed.  He  worked  with  the  great  Agassiz,  who 
x>vered  the  glacial  period  in  1837.  Piayfair  first  discovered  the  geological 
loitance  of  glaciers  in  1802. 

lie  movement  of  a  lake-glacier,  I  believe,  is  assisted  by  three  different  forces 
telling  it  forward^and  retarded  by  two  resisting  forces,  as  shown  in  my  diagram, 
lie  impelling  forces  are,  I.  Gravity,  measured  by  the  slope  of  top  surface. 
.  Pressure  from  behind,  due  to  the  heavy  weight  of  glacier  behind  acting 
the  ice  which  is  treading  in  water,  and  causing  the  front  end  of  the  glacier 
ise,  just  as  the  weight  of  the  Victoria  Tower  in  Westminster  caused  the  bed 
the  Thames  to  rise  ;  or  as  a  weight  applied  in  the  formation  of  a  railway 

[lliit  Lecture  was  illustrated  by  some  new  experiments  on  ice,  and  bjr  reference  to  new  ex- 
tnents  made  by  the  Lecturer  to  prove  the  amount  of  ice  thawed  by  friction  of  ice  upon  ice, 
ch  is  an  important  and  new  element  in  explaining  glacial  motion] 
I.  Tylor,  Quart.  Joum.  Geol.  Soc.,vol.  xxv.,  pages  9 and  6j,  ihCty,  vol.  xxiv. ,  page  105, 1868, 


embuikment  em  b  morass,  caused  opwaid  motion  of  Ihe  pent  and  ix^ 
fiiT  ai  the  nuiih  exlcnds. 

3.  The  effect  of  the  ctnigelniion  of  Ihe  water  produced  by  the  frictio 
npan  ice  eipanding  the  lower  part  of  the  gliciet.  and  producing  the 
■DOtion.     This  third  cause  was  De  Charpenlier"!  principal  scarce  of  mo 

The  two  lesialiDg  forces  are  the  friction  agaiost  (be  bollom  and  the 
of  the  mass,  and  the  having  to  illl  the  bottom  of  ihc  glacier  against 

The  dicmical  eipUiiaiion  has  yel  lo  be  given,  1  ihinli  that  meets  1 
entirely 

(3)  1  lie  effecl  of  evaporating 
cing  increased  cold  has      ' '     - 


It  been  oUudcd  U 


porc^  of  ice      T  h  1  o  a    i     on    I  be       e   eq  en      o  e     pon   on    and 

causes  great  abstraction  of  heal  from  the  siirroimding  ice,  and  great  cold  at  the 
surfaces,  where  absorption  occurs.  And  this  cold  converts  a  certain  quantity  of 
water  into  ice,  joining  surfaces  of  ice  tt^ether  at  32  degrees  That  the  now 
well-known  theorj'  of  rcgelalion  is  a  correct  one  I  do  not  doubt.  That  heat  ii 
producetl  by  the  friction  of  ice  U]ion  ice  was  provctt  by  Sir  H.  Davy.  TTiawing 
has  bccii  said  to  proceeil  at  loiver  temperatures  under  pressure  bjr  Professor  J. 
Thomson,  but  little  observation  u'as  ailduceit  in  proof  of  this  in  the  I'apers 
published  in  1357  and  185S  in  the  Troc.  Koy.  iioc.  Eilin.  It  is  quite  possible 
that  ice  may  not  freeze  at  a  lemjierature  below  32  degrees  under  pressure  ;  as 
we  Itnow  Hater  can  be  cooled  much  below  52  degress,  if  perfectly  still.  When 
motion  tnsucd,  the  produition  of  heat  by  the  friction  of  the  particles  would 
warm  the  water,  and  raise  the  temperature  at  the  moment  to  32  degrees.     The 
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mean  temperature  at  the  surlace,  where  the  otd  ice  Is  in  contact  with  the  new 
ice  fonnine,  may  be  32  degrees.  In  the  ordinary  cegelalion  experiment  the  wet 
sur&ccs  ofice  are  put  clow  ti^ether.  and  a  portion  or  the  water  is  cvBpor&led 
into  (he  pores  of  the  ice,  and  heat  is  alistractfd,  30  that  the'remaioing  quantity 
of  water  ia  frozen  uniting  (he  pieces  ofice  together.  Re^elalioit  does  not  occur 
when  there  is  a  (hick  film  or  sheet  of  water  between  the  two  surfaces  of  ice, 

•nd  evaporation.  Ice,  although  not  exactly  a  colloid,  may  have  cells  which 
admit  of  ciosmosis  and  endosmosis  in  the  gaps  between  the  internal  crys- 
talline surfaces.*  There  may  be  one-lenth  of  the  whole  bulk  of  the  ice 
occupied  by  such  cavities.  This  could  be  proved  by  freeiiiig  an  hydraulic  pre** 
of  excessive  strength  coutaining  a  small  nlm  of  water  and  an  observing  (ube 
When  a  mass  of  water  was  froien  in  a  mortar,  a  shot  of  3  lb.  weight  was  ejected 
415  feet.t'    No  pressure  gaiige  was  introduced  in  this  Canadian  experiment, 

Mr.  Ruskin,  on  the  nth  ofthis  month,  explained  his  views  of  glacier  action, 
and  interested  you  very  much.  The  iiuhject  to-night  is  almost  a  parallel  one, 
but  I  cannot  treat  it,  unfortunately,  with  the  power  that  Mr.   Ruskin  applied 

f:c:2 


to  it.     Mr.  Ruskin's 

those  of  Prof.  James  „   . 

<4}  Glaciers  are  but  frozen  rivers,  and  they  ol>ey  the  fjaac  great  laws  of  rnolion 
that  rivers  follow,  although  (he  advance  forward  of  n  large  river  is  as  much  in 
a  second  as  (ha(  of  a  large  glacier  in  a  utck.  No  one  hn.s  constructed  a  laige 
glacier  artificially  (o  experiment  upon  ;  while  Darcy  and  ISazin  cuperimenled 
on  the  flowof  water  in  many  kinds  of  channel.  .See  tlieir  "  Rcchetchcs  Ilyilrau- 
liques,"  I'aris,   1S66. 


■  On  use  40,  Koic  I,  iheutionuficc^iliiiosl  rctcniblinc  a  coltiiiil  Imlyili 
iCEctMiun  It  JcKribcd.  t  GanD|-<  i'liy'.ics  pa| 
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Ice  experiments  couUi  be  well  tried  on  a  large  scale  in  Switzerland,  Norwij, 
Russia,  01  in  Canada,  where  the  lempeislure  of  the  air  i*  low. 

By  your  perroission  I  would  allcmpt  a  new  cuplanation,  to  show  a  piBriWi 
mode  in  which  lakes  hi^h  above  the  Ma  level  are  fonned  by  the  action  of  ice: 
thai  is,  by  facial  action.  The  motion  h,  due  to  vii  a  trrgn,  like  the  slope 
movement  of  maishy  g^ronnil  when  knded  by  an  einbiuikRiect, 

(5]  The  outlets  of  all  such  lakes  in  mouDtainons  districts  are  high  almic  Vat 
lowest  part  of  the  bottom  of  the  lakes  themsclyes.  Deep  lakes  as  Fig.  i  art 
alwuys  embosomed  in  the  mountains  by  whose  glacieit  tliey  were  lomitil. 
Deep  lakes  arc  purely  the  mechanical  consequence  of  high  and  Mtep  mouiuaini 
from  the  poles  10  Ihe  equator.  Giveo  the  position  and  depth  of  tbe  lakci.  it  is 
oAen  possible  to  predict  the  position  of  the  moonlains. 

I  have  shown,  in  Fig  I,  a  lake  which  you  may  suppose  to  be  that  (»f  Zurich 
or  Lucerne.  The  outlet,  or  outfhll,  of  thii  lake  is  in  hard  rock,  and  li  k 
evident  that  the  whole  of  the  material  which  funnetty  occupletl  the  lake  mu9 
have  been,  at  some  time  or  other,  excavated,  or  dug  out,  as  il  is  not  possible 
to  suppose  any  other  hj"polhesis- 

I  hope  to  show  hcFiv  glaciers— that  is,  ice  holdingboulden  or  rocky  blocks  firml;r 
in  it-s  grasp,  dra^ng  along  the  bottom  — can  perform  this  difficult  opeialion. 

As  glaciers  have  a  coniidcrahle  motion,  althooeh  a  slow  one,  these  rocki 
shown  in  the  diagram  are  like  tool?  or  shears,  which  plough  up  the  suiice  of 
the  earth  and  push  the  loosened  malcriril  np  a  slope  into  the  oulfalT. 

It  is  passible  lo  explain  by  this  drawing  how  a  glacier,  having  hard  bonlder> 
firmly  embedded  in  the  bottom,  can  drag  these  along  the  bottom  and  rut  onl 
the  rock  and  push  it  up  the  lake-bottom  against  gravity,  over  the  onlfaJI,  (rom 
which  it  would  be  removed  in  the  usnal  way,  if  the  glacier  can  move  forward 
frmta  lop  to  bottom,  In  the  glacial  poloa  the  mean  temperature  of  the  ict 
mast  be  assumed  at  ten  or  twenty  degrees  below  freezing,  although  now  noi 
ihr  freriing  point  in  mwlem  |;l:icipr=. 

obsen-aliou— viz.  that  the  liottom  of  the  gladcrs  mu'l  be  wet,  ami  .11  1:' 
Fahr.,  or  about  thai  temperature.  If  colder,  the  ice  would  frcMe  11  the  \v>\- 
lorn  anil  nn  mntiun  would  ensue,  and  if  warmer  the  ice  holding  the  boulders 
would  be  thawed  and  there  would  be  no  erosion  taking  place. 

All  obsen'ntions  show  that  all  modem  glacier^  move  in  con i^t rained,  and  not 
in  free  motion,  and  more  in  «;ummtr  ihan  in  winter,  and  that  there  is  a  ihin 
wet  or  «-alery  surface  between  the  glacier  bottom  and  Ihe  ground  of  Ihe  valley 
it  moves  in.  There  are  greater  dei-iations  in  glaciers  from  their  mean  moiiun 
than  in  rii'ers  from  their  mean  motion,  hut  still  glaclLTs  move  forward  in  1 
ma?is,  and  the  front  ice  i-^  not  overiaken  by  the  liack  ice. 

Now  the  fact  of  the  greater  motion  in  the  day  thnn  in  the  nighl,  and  in  sum- 
mer than  in  winter,  is  an  indication  that  the  greater  the  ipuinlity  of  water 
present  in  the  glacier  Ihe  greater  is  the  motion.  Tht  action  of  a  quantity  of 
water  at  Ihe  bottom  of  the  lake,  and  in  the  fissures  of  the  glacier, «-ould  tend  to 
float  the  lake  glacier  to  some  small  extent,  or  at  lcn*t  to  iilacc  it  in  the  tmstahle 
condition  of  marsby  ground.  \Vc  know  that  when  a  railu-ay  emiiankmeiil  or 
a  large  biiililing  is  creclod  on  a  marsh,  elevation  of  the  surface  of  the  marsh 
takes  place  at  a  long  distance  from  llie  point  where  the  weight  is  applied. 

In  order  lo  render  the  motion  of  the  lake  glacier  pos-ible,  such  as  ihal  rc]'re- 
sentcd  l-'ig.  i,  wc  w.nni  a  certain  iiuaii;ilv  of  waler  conslanlly  produail. 
and  that  ]<art  should  sooii  freeze,  so  as  not  lo  increase  llie  stock  of  water.  I  think 
the  congeiation-dilataliun  theory  of  I)e  (.'harpcntier,  with  some  modificaiion!, 
heljis   lo  explain   lake  glaciers.     Ailhongh  Sir  H,  Davy  pointed  out  Ihal  ice 

any  ofiho  tlicories  of  i;lacicr  nwlion.  and  I  mention  it  now  for  the  lir.I  time  ir. 
a  public  lecture,  ihal  there  is  a  )>os'.iblc  source  of  heat  lo  produce   ihe   Haier 


EafiFimad  n  AkAm  ^  la  i^m  lee. 

foond  ID  all  fg»atn,  anaa^  bam  the  friokn  of  Ar  ioe  ia  Ae  i 

and  Iht  theaclof  ittnlttiwi  or  fteamfc  accoMfirr  a '-' 

into  the  ceU*  of  (be  ioe,  Uic  cnpontJoD  of  put  of  the  « 
cuues  the  mt  of  the  nlo'  to  bene. 

(ti)  IdoDot  nDdostand  wfajtkkaoiaDhasHitbe^pi 
liyprctsinglbariMNuids  of  ioe^piaM,  or  hj  mulruK  Iw 
tbete,  S  isdics  m  dnBetcT,  lor  an  boar,  ■(  pooadi  of  « 
at  •  tenpcrattm^  mochaborefi      '       •—     -■ 
metalltc  dbambcr,  conmenci^ 
at  40^,00  acconat  of  (be  heat  ~ 
air  entering  Ibe 


abore  fncnH  (FiE*  3)-  The  ice  w 
aenci^  at  jz  Fahr.,  bu  the  l^apen 
e  heat  banutited  [raai  the  ioe  to  the  1 


ijattfetai,  lor 


■I  e<  ice  HMM  ice  to  be  Bear 
that  of  tak  ^Hin  cak,  will  hibficaled.  Tbi»  experimeoi  doe*  not  appear  to 
hare  been  preriomlr  tried,  and  iboold  be  repeated  nader  myioe  *■— "'J™* 
to  atrire  at  the  actual  co-effident  of  frictiaa,  and  tfaoald  b«  tried  b  Ibe 
manner  adopted  hj  General  Marin  and  otbcn,  and  in  »  oold  dimale.  Vdodtf 
of  movement  doci  not  inoeaie  friction.  Friction  ii  dependent  opoo  na^  dii- 
tance moved, and natnie of nifuc  ThecD-c&cientafiecisbetwecno'iaBdira. 


The  source  of  water  at  the  bottom  of  1  glacier  ii,  1  think,  due  to  the  beat 
generated  hj  friction  of  ice  upon  ice,  by  the  movement  of  the  glacier  to  a  great 
extent.  The  aource  of  the  subsequent  congetalion,  1  thiuk,  is  the  evaporation 
of  this  water,  and  iU  reception  by  froren  ice.  Hitherto  the  accepted  source  of 
the  glacial  water  is  only  suppo!ied  to  be  that  which  may  be  obtained  from  the 
snow  or  ice  on  the  rurface  of  the  glacier,  melted  by  the  sun's  rays,  and  fallli^ 
through  fissures  to  the  bottom.  Ice  will  evapomte  at  any  temperature,  forming 
vapour,  which  would  pass  into  the  fissures  or  froctum  made  by  the  ice  breakin); 
contact. 

I  can  onlj  conveniently  show  that  ice  rubbed  against  ice  rapidly,  produces 
water  ireel)',  in  such  a  ciie  as  my  experiment.  This  experiment  Is  Mnnewliiit 
different  from  the  actual  case  of  a  glacier.  Then  rcgelst ion  only  occitii  at  31° 
to  the  water  adherent  by  molecular  altraclion  to  the  surfaces  of  the  ice.  When 
a  lump  of  ice  is  surrounded  by  a  mass  of  water  at  31'.  it  thaws.  It  must, 
however,  be  remembered  that,  there  is  a  certain  amount  of  elasticity  in  ice 
when  a  great  many  yards  of  ice  are  set  in  motion  by  varying  pressures  of  ice 
in  the  rear,  and  by  gravity,  when  the  tension  or  torsion  arrives  at  a  Certain 
limit,  fracture  ensues  j  the  divided  surfaces  rub  with  grpal  force  af;ainsl  each 
other,  and  the  motion  of  disruption,  although  not  in:<1antaneous,  may  be 
excessively  rapid. 

Heat  is  produced  by  the  friction  of  any  solid  against  any  other  solid,  and  ice 
is  no  exception.     This  heat  converU  ice  into  water.     No  doubt  part  in  iuime- 
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dlately  taken  up  Tot  r^elation,  but  fofGcient  lalU  to  the  bottom  thniugli  the 
lusures  [o  lubrjciile  the  glacier,  ant)  vvjicn  froiea  to  move  [he  ice  forward. 

Ffeat  is  aha  produced  hy  the  action  of  the  ice  moving  l>oulden  on  [he 
earth.'  If  the  nmn  depth  of  the  lake  of  Zurich  (Fig.  t)  cuuld  be  increased 
half  nn  inch  in  a  year,  that  lake  might  have  been  oomfortably  cKcavulctl  in 
15,00a  years,  which  is  certainly  leu  thui  the  glacial  period. 

(7)  I  propiKe  to  attempt  fin^tlo  prove  in  you  a  new  law  ascertained  by  cipcn- 
meni  on  mo[ion  of  bodies  down  inclines  in  constrained  motion,  and  [has  to 
show  you  how  much  weight  nflects  and  increases  motion.  This  law  is  most 
importnn[  to  my  argument.     Then  I   propose  to  cantras[  the  new  etperimea 


fall  a 


in  with  (he  old  ciipcnmcn[  of  free  i 


I,  where  bodia 


touching  any  sulstnnce  of  any  kind  in  their  fall  Tbb  is  shown  by  reversing  a 
glass  vessel  exhausted  of  air,  and  holding  a  light  and  a  heavy  body. 

Bodies  of  the  same  slu  and  of  tlifietent  weiQh[s  also  rail  al  nearly  (be  same 
velocity  down  an  incline,  13  we  see  when  the  surEices  in  contact  arc  so  small 
(as  in  spheres)  thai  the  motion  approa<:hes  a  fall  in  air,  otfsee  motion. 

f  Fhese  experiments  were  then  successfully  performed  in  the  lecture-room,  by 
my  son,  J.  I.  Tylor,  on  a  slab  (Fig.  4.J  Two  pieces  of  ice  of  Ibe  same  siie  and 
weight,  slid  at  the  same  velocity.  But  when  one  was  loaded  to  eight  times  the 
weight,  it  travelled  twice  as  fast.] 


FIC     4. 


crcnt  weight  will  sliUc  al  ditrcrent  velocities, 
>a[  of  diticrcnt  tv<.nght^  have  much  the  tame 


I  have  before  me  an 
down  which  pieces  of  ice  of  diffcrci 
while  f^pheres  of  the  san 

This  new  law — of  weighl  iiicriM.in^  the  velocity  of  bodies  in  connlrainc.1 
motion  in  a  definite  proportion  or  mtto — has  an  important  application  upon 
the  subject  of  my  lecture,  because  it  1)eais  on  tlie  infmicely  greater  action  •>! 
rivers  and  springs  in  former  times,  for  the  following  reaxin  :  I  hnd,  by  calcula- 
tion, that  with  twenty  times  as  much  rain,  rivers  may  have  swollen  for  a  >hnn 
lime  10  400  times  their  present  volume,  and  then  have  eiglit  times  iheir  jitesenl 
velocity,  fur  the  increase  of  vclocily  is  as  the  cube  root  of  the  increase  of  weit;ht 
of  water  flowing.      The  large  currents  arising  from  a  very  small  sliipe  in  the 

tliou^aiidih  part  of  the  »lo]ie  of  a  small  sirtaui.  if  the  ocean  stream  is  iiiie 
thousand  miliioii  limes  llic  volume  of  the  small  stream.  Ancient  gl.ieni-. 
travelled  many  limes  faster  than  llie  preacnl  ones  down  the  same  slopes,  and 
reached  much  lower  levels  in  consequence.  Moileni  glaciers  arc  only  onc-lhirJ 
of  a  ilegree  below  freezing,  but  older  glaciers  were  probably  very  cold. 

Ccr[ain  [heorelical  consideralion  as  to  the  elTect  of  pressure  in  modifying  the 
point  of  freeiiug  have  been  accepted  wilhimt  suflicient  ex])erinienls  having 
been  made  ;  and  the  present  acceple-i  glacial  theory  ha^i  been  thus  coiislrucli^i. 
paiily  upon  observation,  and  patlly  upon  theory  not  cuiifirnicd  by  ex]itrimciit. 
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which  is  imfortniuie.  Thsre  is  n:*  i  /rifir?  ressoomtg;  possihle  in  pbysict]  scKDce. 
No  theory  has  ever  re:  bsec  esr&liQif^iei,  except  based  on  cardiLl  expeniDeni,  in 
any  Ixanch  of  sricnoc.  I  iherefare  snbmii  eren  mr  imperiea  experiaaeots  as 
much  better  than  mere  tbeprriral  vieirs. 

The  results  of  ohserraxioin  have,  no  do&bu  oacrected  masr  erroneoas  views 
about  the  flow  of  wiier ;  and  when  ^mDaj  ]aboari>  are  expended  upon  ice,  we 
shall  obtain  more  accurate  knowled^  than  at  present. 

(8)  There  are  manj  separate  works  on  tbe  tbeonr  of  the  action  of  glaciers 
whidi  are  physieal  agencies  of  far  less  imponanoe  than  rivers.  The  modem 
glacier  theory  turns  on  the  experiment  of  regelation.  thai  is  of  pieces  <^  ice  at 
32  degrees  joining  together  or  freezing.  This  action  I  do  not  think  has  been 
sufficiently  limited  or  investigated.  Snow  evaporates  at  very  low  temperatures, 
and  this  must  be  a  source  by  which  heat  is  consumed,  and  the  surroondii^  snow 
cooled.  Regelation  <»ily  occurs  when  the  quantity  of  water  to  be  frozen  b  so 
small  that  the  part  that  evaporates  into  the  pores  of  the  ice,  cools  down  the  rest 
of  the  water  below  freezing  point  by  the  heat  abstracted  in  e\'aporatii^  the  first 
portion  of  the  water.  Regelation  does  not  occur  when  two  dry  surfues  of  ice 
are  rubbed  together,  because  heat  is  then  produced  by  friction. 

The  bubbles  or  cavities  in  ice,  if  they  still  contain  jur,  all  appear  to  contain 
air  at  a  low  pressure,  or  in  an  attenuated  form.  The  instant  tw^  dry  surfaces 
of  ice  are  rubbed  together,  part  passes  into  water  by  the  friction  producing  heat. 

RIVERS. 

(9)  There  b  no  special  and  exhaustive  book  vi-ritten  on  rivers,  but  there  are 
many  reports  of  engineers  on  different  rivers,  such  as  Humphreys  and  Abbott 
on  the  Mississippi,  Sir  C.  Hartley  on  the  Mouths  of  the  Danube,  Rcvy  on  the 
La  Plata,  and  chapters  about  rivers  are  to  be  found,  in  books  of  physical 
geography  and  general  mechanics.  Sir  Proby  Cauttley  has  published  a  most 
▼aluable  work  on  the  Ganges  Canal. 

The  absence  of  a  special  book  on  rivers  describing  the  physical  geography 
of  their  basins  is  surprising,  considering  the  imiwrtance  of  the  subject,  scienti- 
fically  and  commercially,  and  also  in  an  agricultural  and  sanit.iry  point  of  view. 

In  the  Rhine,  the  hard  rocks  near  Bingen  have  raised  the  llood  level  14  ft. 

I  shall  now  try  to  prove  to  you  that  rivers  cut  out  their  beds  and  valleys  to 
such  a  slope  as  is  shown  in  Fig.  5,  so  as  to  attain  such  a  curve  and  cro^is 
section  as  would  give  uniform  velocity  to  the  stream.  Also  that  water  generally 
travels  down  stream,  in  a  navigable  river,  every  day  atone  rate,  not  overtaking 
the  water  before  it,  and  that  glaciers  have,  from  the  same  cause,  the  same  ten- 
dency to  uniform  mean  motion.  Floods  and  avalanches  arc  both  exceptional 
occurrences.  In  Figs.  6  and  7  I  give  a  diagram  explaining  uniform  mean  motion. 
I  believe  that  a  river  is  a  machine  for  inducing  uniform  motion  in  the  water 
flowing  in  it.  This  is  its  real  function,  but  it  has  escaped  notice.  So  little 
was  known  by  the  public  about  the  proper  use  and  function  of  rivers,  that  it 
was  supposed  they  were  only  intencled  for  navigation,  and  for  use  ns  drains, 
and  not  worthy  of  a  book  to  themselves.  Their  structure  is,  however,  1  think, 
one  of  the  most  beautiful  adaptations  of  simple  mechanical  means  to  perform  a 
most  complicated  office  in  nature. 

It  was  not  until  Mr.  Smee,  one  of  the  Managers  of  this  Institution,  stoppeil 
the  Croydon  Board  of  Health  from  turning  a  sewer  into  the  River  Wamile 
that  it  was  ascertained  that  the  common  law  of  England  was  sufficient  to  pie- 
vent  persons  throwing  what  substances  they  pleased  into  rivers. 

The  mechanism  of  rivers  has  not,  I  think,  yet  been  understood,  for  evi-ryonc 
has  appeared  to  have  the  full  expectation  that  any  river  would  (lis|)o>c  of  any- 
thing that  was  thrown  into  it  without  further  care. 

I  am  not  going  to  attempt  to-night  anything  more  than  to  esl.'il»lish  sonnr 
general  propositions  about  the  action  and  the  motion  of  water  in  rivrr-i,  and  of 
ice  in  glaciers,  and  the  causes  it  depends  upon  ;  and  to  sljow  how  lh«*  ^111  face 


of  the  earth  is  ertKlcd,  aiui  how  enormuoilji  increa»e  of  qiuuitilj   of  wald  or 
ice  Incroued  denudalion  or  erusion  of  the  IboiJ. 

I  can  prove  Itiat  motion  is  in  pTopaniaa  to  Uape  of  channel  and  the  qiualit/ 
of  water  flowinft  joinily,  by  the  result  of  enperiment.  Mjr  diagtams,  also, 
■re  correct  represenlalions  of  the  forms  and  conlourj  o(  cliff*  and  nlleyi 
actually  caused  by  the  action  of  ntin  and  spring-water,  rendering  bedi  of  uuid 
and  rock  un»l«bU  on  a  surface  bed  of  clay.  Tlie  actual  ilip  that  haa  occurred 
ii  the  nua.'ure  of  [he  imliliility,  nnd  is  dependent  upon  the  aneic,  the  weight, 
and  the  lubrication  by  water  of  the  surfaces  sliding  on  each  other. 
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'■'if;,  5-  The  Khiiie  slio'i .  that  rivers  flow,  where  navigable,  in  i  ciirieii 
in.  The  liard  rock  mi-i's  [he  water  level,  tile  ^oft  lowers  it.  Kig.  5  i.  a 
le  of  nil  other  iinvijjabk-  rivers,  4m  =  o-tlj;  feet  in  the  Rhine,  ami  000179 
1  in  the  MW-iip]ii.  All  rivers  aiiproacliiiis;  to  KiR.  5  where  nnvicaMe, 
:>ne  (jreiit  ilifTiei'llv  of  mv  subiecl  is,  no  doiilil,  the  esisience  of  l,iii;e  lakes 
h  as  we  see  in  SnowTl-.tiia.  nnd  still  la^cr  in  Switzerland.      Now  I   brijevc 

...ni  river,  is  to  fill  iir.  :ill  hollows  and  piu.luce'a  channel  of  s.uh  /  form 
I   slope  thiit   the   w.ilcr   approaches  to  miifonn  motion  from  ailjusihig  thi; 
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UonbyEl .  _, _  .,  „       „ 

who  observed  [hat  boulders  had  been  pushed  by  ioe  Dphill  700  feet  (Quart.  Joo 
Geol.  Soc.,  vol.  xriii.,  pa^  178).  Prafcssor  Kamsar,  page  703  of.  til.,  takes 
ihe  same  view  of  the  glacial  or~-  -''-'--  "^ ■-  ■  --'-- 


An  approach  to  imironn  i 


d  origin  of  the  Scotch  Lochs. 


excejit  when  there  «r 


Fig.  5  represents  the  slope  of  the  surface  of  a  large  river, 
close]]'  with  the  theorelicol  curve,  a  parabola  of  Ihe  form  dnwn. 

Fig,  5A  gives  Ihe  deviation  from  ths  line  curve,  in  feet,  at  31  towns. 

The  bed  of  the  river  eoiuires  such  a  cross  section  that  water  may  How  in 
unifarm  motion  from  one  end  of  the  river  without  the  back  water  overtaking 
the  front  water  io  the  river.    Fig.  5B  represents  a  traosverse  section  of  a  vaJlej. 

{12)  Diagrams  Figs.  Sand  ^  represent  a  stream  ofwaler  in  an  artificial  channel, 


It  Ihe  olhcr  I 
slope  per  metre. 

In  the  experiments,  the  w.iler  ran  about  forly  j  ard- 

llie  depth  of  ihc  stre.im  represents  what  miy  he  termed  the  'iland  up.  or 
stability  of  the  stream  for  that  particular  quantilj  (lowing,  ind  Ihe  particuUr 
slope  and  material  of  channel.  A  and  a  represent  cross  sections  ;  V  and  v, 
velocities;  O  and  q  discliat^es  ;  I  and  i  slopes  of  the  diffcrenl  channeU 
compared.  The  velocity  increases  as  the  cube  root  of  the  increise  of  quantity 
nl  the  same  slope,  anc  [he  velocity  increases  as  the  cube  of  ihc  increased  slope 
when  Ihc  quantity  flowing  is  ihe  same. 

[13)  f'g-  8  shows  ihediHercnl  effect  of  depth  and  velocity  for  a  certain  jmall 
qu.inlily  Howiiig  nt  the  ramc  slope  .is  n  larger  quantity.  The  velocity  in  |l 
channel  when  twelve  lime';  the  quanliiy  is  flowing  of  that  in  B,  is  2'3  limes  Ihai 
in  B.  Th.il  is,  ihe  ch.ingc  is  from  0502  to  1*178,  .ind  21  is  ihc  cube  roi'i  of 
12-167, 
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Fig.  9.  The  velocity  from  A  to  E  is  nearly  the  same  ;  that  is,  notwithilanding 
the  difTerence  of  slope,  tbe  velocity  is  nearly  unifoiiii,  owing  to  increue  of 
quantity  balancing  decrease  of  slope. 

Q  represents  dischai^e  per  secotid  in  cubic  nietrcs.    Fig.  6  to  9  and  l8. 

A — Cross  sections  in  square  nielres. 

V — Mean  Telocity  in  linear  metres. 


(10)  The  equation  to  uniform  motion  that  11 «  hen  velocity  is  equal  and  »  — F 
explanation  at  end  of  this  pamphlet  (page  36), 


■<'',{i^',) 


and  Phii  Mag.,  1874,  page  105. 

Fig.  9  is  constructed  by  taking  a  number 
found  by  eiperiments  the  exact  depth  and  - 
motion  when  the.velocity  and  dcptV ' 


channels,  where  observers  had 

_  section  otthe  stream,  in  nnlforra 

known.    In  hsX  if  such  cbaiinels  were 


constructed  at  different  slopes,  and  the  quantity  of  water  flowing  at  each  chan- 
nel was  regulated  according   to    each  case    as  described  in   the  diagram,    the 
water  would  arrive  at  nearly  the  same  uniform  motion  in  each  case." 
This  is  what  happens  on  a  real  navigable  river.     As  each  tributary  comes  in 


See  page  39. 
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the  slope  of  the  nuun  stream  diminishes  as  the  water  increases  (see  page  467).* 
It  will  be  seen  that  a  near  approach  to  uniform  motion  is  obtained.  There  is 
an  exception  when  very  hard  rock  is  met  with,  and  backwaters.  A  tributary 
containing  one-hnndredth  part  of  the  water,  but  flowing  at  one  hundred  times 
the  slope,  would  enter  the  main  river  at  the  exact  speed -of  the  main  river. 

I  found,  except  when  the  shallows  impeded  the  ships  by  reflecting  waves 
bade  from  the  bottom  of  the  river*  in  thcT  Rhine,  the  quantity  of  coal  used,  and 
the  speed  attained  by  steamers,  was  uniform  from  near  the  mouth  of  the  Rhine 
to  Bfaiac     (Fig.  5.) 

Fig.  10  shows  toe  great  width  of  a  large  river  1,000  miles  from  the  sea,  and 
decrease  in  width  as  it  approaches  the  sea.  This  is  the  general  case  with  large 
navigable  rivers.  Directly  the  bar  b  passed  a  ship  can  sail  hundreds  of  miles 
in  deep  water. 

Fig.  II  is  a  cross  section,  a  thousand  miles  frxim  the  sea: 


\ 


§  16.      FIC:  13. 


S17.         HQ-.U. 


JtbudJunetianM  cfBedJOpier       Ike  samerinr  or  talij^lS  JbHae^ 

JGuUtfgpi  at  amiD  angi^*  impoufUlffy  rf  ^  arrangement 

Fig.  12  is  a  cross  section  near  the  Delta,  proving  the  above  law. 

Fig.  13  shows  the  natural  junction  of  the  tributaries  of  the  Mississippi 
coming  in  at  an  acute  angle. 

Fig.  14  shows  the  imaginary  junctions,  supposing  that  in  this  river,  the 
branches  could  unite  at  rectangular  junctions.  How  absurd  this  appears. 
These  drawings,  made  in  1 87 1,  are  applicable  to  refute  the  theory  advanced  by 
Professor  Ramsay,  of  the  Rhine  having  reversed  its  course.  The  angles  of 
tributary  valleys  are  all  such  as  would  be  produced  by  a  river  flowing  in  the 
present  direction  in  the  Rhine  valley. 

•  Sec  Nole  4,  page  47a. 


Fig.  14.V  represents  the  Amuoii.  Ttc  junctions  in  the  mounl 
acute  angles,  hut  near  the  mouth  almost  M  right  snglei,  as  in  all  riv 

(iS)  Fig.  15  is  a  drawing  of  the  iltemate  heotlUiDds  nnd  coombe 
on  [hi;  sides  of  every  valley  in  the  world. 

ric.15       s-         B"  a-         V  8"         a 


rfirkf.  of  Sir  C. 
^r  forming  a   delta 
e  any  tributary  slrearos  to  keep  the  river 
«1  and  opposile  aclions,  from  the  brooks  and  rivers  falling 
n  I  o  the  valley  I  rom  alternate  sides.  Thisisthccasein  all  Urge  rivershavingdcllai. 
Fig.  16.    The  line  F  C.is  the  exact  resultant  of  Ibc  unequal  forces  coining 
rom  F  F  and  C  A. 

Fig.  16  shows  the  efTect  of  a  tributary  in  duinring  the  line  of  the  main 
itream.  which  is  the  exact  resultitnl  of  the  farces  if  between  the  two  streams 

r,  ii'woald  deflectthe'  ' 


Ciise  giving  the  effect  on  velocity  in  relation  to  dilTurcnt  qvunli 
flowing,  by  diverting  a  large  channel  into  three  channels,  one  twice  as  brgi 
theothertwo.  If  the  Nile  was  artificially  divided  higher  up  than  al  prsi 
the  cuTcnl  in  the  three  streams  would  be  much  slower  than  at  present,  and 
rise  of  river  earlier  and  higher.  Ifthe  Rhine  was  prevented  from  dividing,  it  wo 
How  out  to  sea  in  a  good  stream,  so  as  to  keep  a  passage  open  for  large  ships. 

From  what  has  been  seen  in  Fig.  8  and  in  other  diat^rams,  although  all  1I 
streams  are  at  the  same  slopes,  the  mean  velocity  of  the  single  stream  btl 
it  divides  will  be  greater  ihan  either  of  the  ollitr*  ;  and  the  mean  velocity 
the  larger  stream  iiflht- three  will  he  !;i«'"l'''  'li'"'  'he  ivi.j  T.ma!l  ones,  althi" 
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Causa  of  Shape  of  SymmHrual  JMs. 


K,1I74. 
taVen  Ironi  foor  observed  axi  of  inlet  a 
ru  dtridcd,  as  shown  in  Fig,  iS,  ihc  >tDi« 


>CT  thiiis  owinsto the eff«:t  that (loanlitjflowIoglBiiwB 
locilyin  FU3'047;mH,  i-6z8;uid  inG  andK,i'i7(. 

(21)  The  channels  in  " 
unirorm  motion  ;  and  if  a  1 
wuuld  be  the  rail  velocity. 

TheM  new  lavn,  alrml;  ^lolten  of,  micht  be  applied  in  practice  to 
liver  BS  the  Nile  to  produce  langer  inigatton. 

Fig.  tS.   The  mean  velocity  would  be  much  reduced  by  dividing  the  ti> 
hlj^herlhan  (he  present  Delia,      U  three  01  more  artificial  cl—  ' 
Ihi:  ^ltfam=  would   \»i  mncli   dctpL-j  .iii.l  il.jv.tr,  ^lUliougb  a 
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dalHMianaMAtaiaafnBdwdcIj^beJv   \Viieicntait<T&snu«i>Bdcncks 

sloaKlIieiippcrisr&ceaftheiIimBHbeibofcLiyandmki,«lKaii  reachethe 
uti  wbete  there  is  little  or  do  we^t  of  n>ck  10  keep  the  niKi  uid  c!aT  frvin 
ilMinfc.  mntimifiiiw I.  mAihtama saibcitotioiXoi  und  u  duIodgcJ.  With 
d^  tima  Ibe  qMBtity  o(  •>!«  floving  a]aa£  these  onRablc  mmces  the  de- 
oradire eSBClmiElu be u  the cabes.  orneatlj'saaiimesumiidiatat  prae"> 

(»)  I  have  sbowD  what  I  bclinelobetheirpjcal  form  ofahill,  JrsHii  fm 
phoMpaph  of  Moont  l^Uxr,  Fig.  19.  This  hUl  has.  I  belien.  a  boie  of  >c 
Bulet,  aod  ibe  m&ce  hai  been  ended  inio  the  biDotnial  cnrre,  which  is,  1 
coolider,  tbelbimaf  eieatcst  tubilitf.  It  is  the  form  which  gircs  the  Dearest 
poMible  anroach  to  nnifoim  moliiMi  of  water  on  its  saifate. 

Ua;  Hill,  wen  from  (!IoiicesteT,  is  a  EDod  eiunple  of  this  tana,  which  is 
"""■««  to  the  haid^  and  nAeit  rocks,  and  e*cn  to  daj  and  land. 
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(23}  iriiiltsofglaciatdriftonllifwainCommniiniKliiiSwolcn,  C.Ttxn  Snml 
hills  near  Lcighlon  Buziard,  nnd  Sandcnrnin  thclnlcof  Wif;ht,  nnil  in  Airt  in  iiil 
formMionsond  countries,  assume  thii  form,  it  Isliecniiiic  thefiiriiintiiin  iif  ijiiiiiiii; 
surfaces  in  ill  hills  md  valleys  is  really  Iho  same  nnliiml  prnM-ss  \n  In:  otriprv"! 
in  an  exiggerated  form  in  most  watiirtall*.  See  l''i(;.  IJ,  \t.  456.  Ilir  Jaw  Uh 
waterfalls  is,  twcnt^-sevcn  linic-i  thu  water  woiiM  |ir'>liice  A\  tniuli  •t>'«liii>;lifin 
inadayas  now  occurs  in  ■  year.  Water  fillini;  the  lini'ik  nt  Kuli-Jixurn,  |>n-n- 
ng  through  the  fissures  am!  carryine  awav  thu  wiA  dnjr  or  ',luh:(w1iii,h  in  mint 
waterfalls  underlies  massive  jointed  nicks)  pniclueei  in'Jatiililj' ;  nnil  ni  UHiri  ai 
the  surface  of  the  clay  U  washed  away,  the  nick  is  undvrmincd  and  M\\  il'iwii. 


454      Uniftrm  Conlourt  (with  variable  maleriaJs)  of  HiUi. 

Now  thcK  piecci  of  rock  remiin  in  tlic  lUeam,  and  protect  the  aiAtfijs^    | 
beds.  With  lorrenlj  flowing,  protecting focks  would  b«  carried  down,  and nllfjs 
txcnvated  with  the  giealeil  raiiidity.  Our  bills  were  shaped  \tf  the  ume  procet 

Fig.  aiB  reiircsenls  a  hill  of  gl«i»l  drift  drawn  by  Erdmann.     ll  a  eviJat    | 
till!  the  disposition  of  the  intercud  strata  docs  not  DUitciiaUjr  d&ct  the  a. 
From  pafie  57  Formslions  ile  la  Suhlc. 

i^.  a  .  Coam  Givtvl. 
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■c  the  channel  so  as  to  rcsiil  the  denuding  ai 
Watavlud. 
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through  the  waterfall  Fig.  J4  showing  the  bed  of 


le  at  A  falls  I  „      

ruek  breaks  vertically  through  the  water   ftom  the  lake  above,  passing  bi 
the  Niaji^ra  rock  and  removing  the  base  of  shale. 

(25)  Kig.  J4A  give?  a  view  cjf  the  Chalk  hiils  near  Folkestone,  where  tr 
lateral  valleys  have  been  cut  out  by  rivers  (lowin;;  out  of  springs  in  the  ].lu 
litriod.     'I'liey  are  almost  dry  novi',  but  were  once  of  imiiiense  volunn. 


Law  of  Waterfalls.  455 

F^;.  24  represents  the  valley  of  Ecclesboum,  near  Ha&lings,  in  the  plami 

The  moilcl  of  Brading  Gorge,  in  ihc  Isle  of  Wifht,  shows  that  the  rainfall, 
Ihiown  off  the  lofiy  Clialk  and  U|ip<.-r  GreensanH  hills  near  Shanklin  has,  in 
eomparativelj  rucenl  limes,  cut  a  passa|;e  thrriufjh  [he  laircr  range  of  Chalk 


and  Upper  Creensand  hills  near  BradinE-  The  higher  elevation  of  the  bed  A 
(Fig.  IS),  caused  by  subterranean  movement,  is  the  cause  of  the  direclion  of 
this  rainfall  collected  into  brooks  from  Ventnor  lo  Brading.  The  same  bed  of 
I-ower  Gteensand,  at  Shanklin,  is  250  ft.  above  the  sea  ;  while  near  the  Gorae 
of  Brading  it  is  at  the  level  of  the  sea,  giving  a  fall  of  40  ft.  in  the  mile.  The 
level  of  llii;  chalk  is  500  ft.  at  5l.  Boniface's  Down,  near  Bonchurcli,  and  300  ft. 


Ccrga  fast  bond  by  Stdrterrantait  Rivert.  45  ^ 

U  mmptei :  the  Hole,  one  tA  lliem,  nude  the  gorge,  at  Box  Hill,  x\  ri^l 
•ngles  to  the  strike  or  rengc  of  dulk  hills,  which  fbim  on  escarpmcnl  from 
GnildfoTd  lo  Reigalc,  for  imtancc-*  In  gorges  or  cuttings  through  e^iarpintnl,  1 
otMcnt  thta  the  dip  ii  on<n  with  the  itreani,  and  tho*  wsisu  the  ■ndcis"nuid 
river,  irtiidi  did  the  diScOlt  pan  oT  the  eicanlion.  I  bcIicTc,  in  the  ficst 
■nstuice,  a  rivei  od  malting  a  gorge  *lwa;i  panes  thm^  an  opper  channel  at 
a  high  lerd,  and  then  borora  tnnnel  or  care  possgtf  il  ■  lower  IcreL  Some- 
time*  this  ii  prorad  by  a  pait  of  the  arch  of  rock  remaining,  a>  ihown  in  a 
U6)  8 

jmeiKNr  snjnoomif  fic  2b 
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channels  remain,  in  Yslrad  VelUe,  in  South  Wales,  near  Hirwain.  The  rock 
is  hard  limestone,  at  the  mouth  of  the  cave  5S  ft.  high.  On  one  occasion  in 
the  last  two  hondrcd  years,  there  was  such  a  flood  that  the  water  rose  fortj-five 


mn 


feet  ap  to  the  top.  I  have  measured  drawings  of  this  interesting  spot.  The 
cave  15  one-third  of  a  mite  long.  In  a  wet  period,  like  the  gravel  or  pluvial, 
the  nppet  and  lower  channels  would  be  used  simultaneously. 

I  consider  the  steepness  of  the  Cheddar  Cliffe,  and  of  the  limestone  gorp;,  at 
'  See  FiE-  3^.  page  4?),  tihrj*  \\it  double  i^l  of  flenurts  on  the  escarpment  of  Ihe  Surrey 


Drewing  byArlkta-  Seotm. 

Clifton,  tlitoiigh  which  Ihe  Avon  passes,  is  due  to  the  giounil  having  been 
perforaWd.'  I  believe  tbe  steepness  of  the  cliff  al  Box  Hill,  75°a.l  Iheioulb-eajl 
comet,  U  due  to  the  ancient  cave,  through  which  Ihe  waves  parsed,  origiiiaUy 
Lfcing  at  that  point ;  and  thnt  the  undci'Oitting  below  enabled  the  chalk  cliff 
to  be  nctuly  u  steep  is  at  [he  sea  shora,  where  the  water  hai  undercut,  as  at 
Culver  Cli&.  liiia  is  tbc  case  of  the  nearly  vertical  cliffs  at  Cheddar  ;  fur 
when  there  was  e,  tunnel,  Ibe  roof  ^ling  in,  left  n  vertical  cliff  above.  There 
must  have  been  very  high  ground  al  Bristol. 

In  a  period  with  twenty  to  fifty  limes  ts  much  nin  as  al  present,  these 
undcip-ound  passages  for  rivem  would  be  formed  with  great  facility,  there 
being  the  assistance  of  80  or  100  ft.  head  of  water.  Wc  have  the  evidence 
from  the  pipes  in  the  chnlh,  that  this  water  was  heavily  charged  with  carbonic 
acid  gas,  although  we  do  not  know  the  source.  Uiuler  such  circuinstanccs  the 
Gorge  of  Brading  would  be  easily  made. 

Al  West  Koighlon,  twomilesW,  (torn  Brading,  on  opening  wasbcing  formeil 
when  Ihe  wet  period  ceased.  You  can  see  on  ihe  model  ihe  Jeep  grooves  being 
cut  out  bv     -         "^ ■     ■     ' '- '  '---       -■ 

Cotleswold  Hills,  were  being  prepared  for  boring  in  this  manner. 

Figs.  37  and  zS  represent  what  has  happened  at  Broding. 

Fig.  2()A  represents  a  limestone  valley.  Dove  Dale,  where  the  sides  are  very 
steep,  owing  to  the  greater  stability  of  the  carboniferous  limestone  Ihan  the  sands 
(Fig.  zg).  TTieundercutling,by  the  river,  nearly  occupying  Ihe  position  of  an  old 
underground  cbannt^l,  is  clearly  shown.  If  Mr.  Jukes  had  considered  the  method 
I  have  shown  of  the  formation  of  gorges  when  describing  the  Irish  riven 
Shannon  and  Blackwater,  &c,  I  think  he  could  have  explained  the  causes  of 


their  present  direction  more  satis faelorily.     His  paper  on  rivers  laid  the  founda- 
tion for  the  suWquenl  [Kipers  on  Ihe  same  subject  by  Prof.  Ramsay. 

'Ihe  forms  of  valleys,  lakes,  and  waterfalls  affect  and  are  alfected  by  this 
special  degrecof  motion  of  the  water  or  ice,  which  modifies  their  forms,  or  causes 
what  in  mechanics  is  called  instability.  Indeed,  valleys  and  escarpments  with 
their  springs,  arc  integral  parts  of  every  complete  river  system.  The  caKh  and 
the  water  flowing  over  it  must  be  considereil  al  the  same  time,  so  inlimately  are 
they  connected.     They  are  related  almost  like  Uic  veins  to  the  blood,  and  Ihe 


sapv 


lesip^ 


Cause  of  Horse-shoe  Bends  in  Rivers  is  unequal  Rain-fall,  459 

I  hope  to  show  that  rivers  and  lakes  now  occtipy  valleys  and  hollows  formed 
when  the  physical  and  atmospheric  conditions  of  ottr  island  were  very  different 
from  those  it  now  presents. 

Ancient  rivers  may  have  had  many  hundred  times  as  mudi  destructive  effect 
on  the  surface  of  the  earth,  for  erosive  force  increases  in  the  fourth  power  of  the 
velocity,  and  may  have  eroded  the  surface  of  the  earth  as  much  in  former  times 
in  one  year  as  uey  now  do  in  i,oOO,  in  cases  where  rocks  were  made  to  slide 
on  clay  by  excessive  supply  of  percolated  water. 

I  must  ask  you  to  assume  what  I  have  demonstrated  many  years  since  io 
another  place,  that  all  valleys,  without  exception,  are  enormously  laige,  com* 
pared  with  the  present  rivers  and  brooks  occupying  them,  and  that  the  present 
size  is  the  proof  of  the  former  rainfall  or  snowialL  This  fact  is  visible  to  every- 
one in  their  walks  or  journeys,  and  the  only  inference  from  it  is,  that  in  the 
I>eriod  just  before  man  appeared,  when  the  valleys  were  enlarged  to  their  present 
size,  the  rainfall  or  snowfall  was  at  least  fifteen  times  as  mudi  as  at  present. 

Figure  31  shows  that  rivers  enlarge  their  channel  on  one  side,  the  concave, 
and  silt  up  on  the  convex  side.  The  consequence  of  unequal  rainfall  is  thi» 
movement  of  river  channels  in  horse*shoe  b«ids. 

Some  of  these  valle3rs  were  excavated  in  a  very  cold  or  glacial  period  by  the 
action  of  enormous  quantities  of  ice.  Other  valle3rs  were  excavated  or  en- 
larged  by  the  action  of  ancient  enormous  rivei^  and  springs  of  great  power,  in 
what  I  have  termed  the  pluvial  period. 

Fig.  31  shows  a  case  of  a  river  changing  its  course  in  a  flood  150  feet. 

^2-)  PIC;3I.       RtfTifOO    HIVrR. 

TS^SSf  H/thmuiatfrivtr  duamdid  me  flood 
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Figure  35  is  a  specimen  of  the  action  of  springs,  and  represents  the  hills  near 
Folkestone  :  at  the  present  time  most  of  these  springs  are  very  small. 

These  ancient  streams  were  fed  all  over  the  globe  by  such  rains  as  fall  only 
in  few  places  at  the  present  time.  In  the  Nile  there .  are  no  tributaries  at  pre- 
sent fauing  into  it  lor  1,000  miles  from  the  delta,  but  there  are  dry  valle3rs 
opening  into  the  gpreat  Nile  valley  of  enormous  size,  so  that  300  inches  of  rain 
£aUmg  m  the  now  diy  climate  of  Egypt,  would  be  carried  away  by  the  river, 
not  without  inconvenience,  but  without  much  difficulty. 

The  Cyrena  fluvialis^  now  living  in  the  Nile,  was  also  found  120  feet  above 
the  present  water  level,  at  Silsilis,  by  A.  Harris,  showing  that  in  floods  in  the 
pluvial  period  (which  I  consider  tnat  of  man)  the  whole  valley  of  the  Nile, 
wide  as  it  is,  must  have  been  diarged  with  wuter  up  to  120  feet  above  the 
present  flood  leveL 

I  think  300  inches  of  rain  is  the  smallest  quantity  that  could  have  fallen  in  a 
year,  when  the  great  masses  of  the  Thames  Valley  gravels  were  deposited  on 
ground  where  the  present  streams  cannot  move  the  old  deposits. 

That  the  present  rainfall  has  not  sufficient  force  to  excavate  new  brooks  and 
rivers  in  the  London  or  any  ordinary  flat  or  alluvial  district,  I  think  will  be  ad- 
mitted by  all.  There  is  no  case  of  this  kind  known  since  the  historical  period, 
in  the  Thames  Valley.    • 

If  I  can  prove  the  truth  of  the  new  law,*  that  with  twenty-seven  times  the 

*  I  first  reduced  this  law  to  an  equation  from  observation,  and  illustrated  it  by  a  diagram, 
in  187X. 
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rain,  llie  brooks  would  Itavel  with  thrice  tbe  velodly  they  have  3t  present,  ml 
if  gtnciets  twenly-seven  times  higher  would  slide  mth  a  tlireerold  vdocilj't 
Ihen  we  have  »  cause  which  can  sufficienll)'  explain  the  erosions  or  lowerinei 
by  denudition  during  the  glocia]  and  pluvial  periods. 

The  rounded  London  Clay  hills  in  many  places  are  cmred  like  Fig. 
(9.  The  deposits  of  the  lai^e  brick  eaitb  and  grave]  beds  are  coiupicttooi 
ia  tlie  valleys  of  the  rivers  of  the  Lorvlon  basin,  and  the  tracks  of  BacieoC 
rivers  (as  at  Crayford)  in  the  eroded  surface  of  the  chalk,  now  filled  apwilh 
graTel  and  brick  earth,  may  be  seen  in  the  excavations  for  brick  earth.  There 
are  no  beds  of  this  kind  nowforming,  and  this  shows  that  Ihc  preent  is  not  ■ 
guide  to  the  past  in  the  science  of  geology  in  many  cases- 
It  is  from  these  superficial  accumulations  of  the  pluvial  period  that  Ibe 
brick  earth  is  derived,  from  which  the  buililiiiE  materials  of  this  city  are  alrno* 
entirely  derived,  and  the  auaatity  of  brick  earth  is  a  kiml  of  measure  of  the 
intensity  of  the  ancient  rains. 

Philosophers  and  writers  of  books  on  philosophical  geology  are  always  spe- 
culiting  nboul  what  are  called  remarkable  phenomena,  and  vety  much  ni^iect 
what  occu[3  every  day,  and  can  be  seen  every  hour.  \Ve  ought  lo  took  at  ibe 
low  ground,  as  well  as  at  the  mountains.  Bdng,  as  Mr.  Patlison  observed 
in  a  paper  read  at  the  Victoria.  Institute,  Manih  I,  1875,  more  of  an  observer 
than  a  theorist,  I  would  rather  spi^  to  yoa  if  I  can,  to-iught,  about  what  is 
the  action  of  riven  and  springs  in  places  you  know  well. 

The  Fig.  as,  page  457,  is  a  type  of  the  north  and  south  flexures  oflheWiald. 
The  gndieni  being  so  rapid  north  and  south,  the  series  of  beds.  Weald  clay. 
Lower  Greensand,  gait,  Upper  Greensand,  chalk,  marl  and  chalk,  crop  out 
within  two  or  three  miles  or  less  in  the  case  of  Guildford.  In  walking  noiA 
and  south  you  walk  at  right  angles  Co  the  strike  of  the  principal  fleiure&  Ob  . 
Ihc   olher  hand,   the    cast  and  west  flcmres  are  slight  and  always  along  the 

Ermcipal  strike,  so  that  you  may  walk  along  the  out-crops  of  the  same  bed 
undreds  of  miles.     That  is,  you  may  walk  along  the  strike  of  the  north  and 


1    greal 


Wealden  fieiure 


which  is  of  ci 


n  the  din 


lionof/*,rrfi>in  the  small  E.  andW.  flexures,  The  Wcaldcn  physical  fealutes 
are  so  difficull  to  describe  because  there  are  these  opposite  sets  of  binomial 
flexures,  and  what  is  strike  to  one  set  of  flexures  is  dip  to  the  other.  There 
were  evidently  forces  acting  at  right  angles  lo  each  other  when  the  Wealden 
was  lifted  up.  each  foot  of  surface  having  a  simultaneous  opposite  flexure 
impressed  on  it,  causing  a  double  curve,  afl~ec[ing  the  whole  depth  of  strata. 


^ij!'  35  represents  the  east  and  west  flexures  in  Ihc  gall  and  Weald  clay  b«ls 
in  the  north  escarpment  of  Ihc  Weald,  which  facilitated  the  original  formation 
of  the  gorges  through  which  the  rivers  run.  This  is  explained  in  a  note  page 
473.  A  river  directed  north  against  G  would  be  repulsed  by  the  clay,  and  have 
to  flow  east  or  west  lo  B  2  or  li  3  to  make  a  goi^e.     Clay  is  very  stable  here. 

There  are  a  scries  of  flexures  east  and  west  along  the  north  escarpment  of  these 
Surrey  hills,  about  Joft.  per  mite  from  Uildenborough  to  Maidstone,  and  lo  11. 
per  mile  from  Hildenborough  to  Dorking,  The  strata  are  only  gently  lifted  atid 
depressed  in  E.  and  W.  direction  10  ft.  to  10  n.  in  a  tnile.whilc  (he  great  north  and 
south  flexures  arc  near  the  gorges  at  gr.tdieius  from  350  ft.  to  1,000  fl.  in  a  mile.  It 
is  this  system  of  double  flexures,  one  set  in  the  medial  scries  al  ncirly  right  angles 


Pluvial  Period  due  to  SurCs  Influence,  463 

to  the  other  two  sets,  or  marginal  series  of  bends,  that  determines  the  denudations 
of  the  Wealden.  I  showed  in  1862  (Quarterly  Journal  Geological  Society)  that  the 
medial  beds  of  Hastings  sand  thinned  out  N.E.  and  S.  W.  in  a  horizontal  line 
passing  from  several  hundred  feet  in  thickness  at  Castle-hill,  Hastings  to  3  or  4  ft. 
7  miles  to  the  N.E.  and  S.W.,  and  having  a  series  of  flexures  in  that  direction. 

It  is  only  where  a  river  carrying  a  large  body  of  water  attacked  the  point 
weakened  and  prepared  by  springs  and  underground  river  channels,  that  such 
an  opening  as  the  Gorge  of  Brading  could  be  made.  The  groimd  at  Sandown 
was  formerlv  the  highest  on  the  island ;  now  it  is  the  lowest,  owing  to  the 
instability  of  the  upper  beds  of  Lower  Greensand  reposing  on  the  weald  of  clay 
at  the  level  of  the  sea.  This  is  the  cause  of  the  gorges  of  the  Weald  at  Guildford. 
The  Weald  clay  at  Pease  Marsh  comes  up  there  about  100  ft.  above  the  level 
of  the  sea  ;  and  this  has  been  the  determining  cause  of  the  perforation  at  Guild- 
ford by  the  Wey,  the  Weald  clay  being  600  feet  under  Guildford.  At  Bury  Hill  the 
Weald  clay  is  250  feet  high,  and  thus  directed  the  Mole  against  Box  Hill,  where 
the  Weald  clay  is  700  ft.  under  Box  Hill.  Then  at  Hildenboro,  at  the  mouth  of  the 
Sevenoaks  tunnel,  the  Weald  clay  was  a  solid  mass  400  feet  high,  and  protected 
Sevenoaks  from  the  attack  of  the  Med  way.  The  gradient  or  slope  of  the  Med  way 
was  too  small  for  the  river  to  bore  at  HUdenborough,  and  the  river,  therefore, 
changed  its  course  at  nearlv  a  right  angle  towards  Maidstone,  and  there  resumed 
its  original  direction.  Other^iase  the  Medway  would  ha vc^  joined  the  Darenth 
if  it  could  have  succeeded  in  perforating  a  gorge  at  Sevenoaks.  At  Merstham 
there  was  an  attempt  by  tributaries  of  the  Mole  to  get  through  the  chalk  and  join 
the  Wandle,  which  was  not  successful.  Thus  one  river  had  to  pass  to  Maidstone, 
20  miles  distant,  where  the  Weald  clay  was  400  feet  less  high  in  the  direction  of 
the  escarpment  of  the  Surrey  Hills.  Other  rivers  fell  from  250  to  1,000  feet  per 
mile,  between  Pease  Marsh  and  Guildford,  between  Bury  Hill  and  Box  Hill, 
between  Maidstone  and  Burham,  and  between  Sandown  and  Brading,  when 
these  four  gorges  were  formed.  The  high  dome  or  elevated  land  at  Crow- 
borough  det^mined  one  set  of  rivers,  and  another  dome  or  elevated  mass, 
called  Hind  Head  Hill,  near  Haslemere,  was  the  source  of  another  set  of  three 
rivers  going  also  in  different  directions,  which  have  opened  out  gorges  through 
the  escarpment  of  the  chalk  similar  to  that  at  Brading. 

It  was  the  fact  of  these  two  points  being  elevated  higher  than  any  other  that 
started  the  Wealden  rivers  from  them,  just  as  the  highly  elevated  ground  in  the 
Alps  started  the  Rhine  and  other  great  rivers ;  and  other  and  less  elevated 
ground,  like  that  near  Donauessingen,  started  the  Danube,  and  sent  off  smaller 
rivers  to  oppose  the  Rhine  and  keep  it  off  Donauessingen.  No  doubt  the  Rhine 
now  follows  a  coarse  worked  out  for  it  by  an  underground  river  passing  through 
the  Devonian  rocks  between  Bingen  and  Bonn.  I  find  from  Mr.  F.  Tuckctt 
that  the  real  springs  of  the  Rhine  are  twice  as  high  as  those  of  the  Danube. 
If  a  straight  line  was  drawn  to  the  Delta  from  the  source  of  the  Rhine,  it 
would  nearly  touch  the  level  of  the  springs  of  the  Danube. 

The  sketch  of  the  Gorge  at  Brading  may  realise  what  has  happened  there,  and 
serve  as  a  type  of  the  valley  excavations  of  greater  rivers  (Figs.  25,  27,  28). 

PLUVIAL  PERIOD  DUE  TO  SUN'S  INFLUENCE. 

I  have  shown  you  the  effect  that  great  weight  of  ice  sliding  or  water  flowing 
has  upon  the  velocity  of  ice  and  water  currents,  and  that  the  enormous  erosion 
of  the  surface  of  the  earth  visible  in  valleys  and  lake  hollows  could  only  have 
taken  place  when  there  were  twenty  times  as  much  ice  and  snow  as  at  present. 
These  different  atmospheric  conditions  point  to  some  as  yet  unknown  causes. 
Such  snow  and  ice  could  only  be  formed  by  great  heat  in  summer  and  great  cold 
in  winter.  Some  disturbing  effect  in  the  atmosphere  of  the  sun  could,  I  think, 
alone  account  for  the  phenomena  we  observe,  and  that  must  have  been  of  a 
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(■^■ii..lkal  di.imclcr.  That  is  to  Say,  the  Earth  must  have  reccivol  much  lc« 
suii.'>hiti(;  in  winter  and  inach  more  in  summer.  I  calculate  that  thu  spi^ifK 
i^r.-ivily  of  ihesun  Is  not  more  than  0004,  instead  oro'3S43  as  usually  st.itcJ. 
If  Ihe  nucleus  of  the  density  of  the  earth  is  $'7,  and  if  this  nucleus  is  one-tunih 
of  the  wliotc  tiiametcr,  then  the  density  of  the  gaseous  envelo]>e  of  the  sun  wouU 
Iwunly  O'oool,  or  about  that  of  hydrogen  f^s.  The  weight  of  the  sun  sccmito 
lie  enormously  exaggerated.  I  do  not  nnd  any  careful  calculation  by  any  writer; 
.ind  I  only  work  it  out  as  one-sixtieth  of  the  weight  that  has  been  allributed 
to  it.  Chemical  changes  in  the  sun's  envelope  might  pcoduec  gteal  allenticp 
in  the  sun's  tempeiature.  There  is  no  reason  to  suppose  the  heat  of  the  son 
should  be  eonstanl  for  any  long  geological  period. 

Also  the  serieK  of  rocks  commencing  with  the  Silurian,  show  evidence  is 
every  successive  period  oF  dilTercnce  of  condtlions  of  life,  and  this  evidence 
poinl-i  to  constant  change  in  the  quantity  of  heat  and  light  emitted  by  the  sun, 
ami  great  alteration  ofalniospheric  conditions. 

I'articular  instances  are  the  abundance  of  carbonic  acid  gas  in  the  air  during 
the  carboniferous  period,  and  again  in  the  quaternary  p«iud.  This  is  shown 
by  Mr.  Freslwich's  paper,'  investigalinc  the  cause  of  (he  eroded  surface  of  the 
chalk,  and  is  in  one  case  ]>roved  by  the  rapid  formation  of  coal,  nnil  in  the 
other  l)y  the  occurrence  of  deep  pipes  in  the  chalk,  which  appear  to  have  been 
excavated  by  water  containing  a  large  quantity  of  carbonic  acid  gas. 

The  models  and  diagrams,  however  carefully  executed,  convey  a  very  poor 
idea  of  real  geological  phenomena.  Lectures  are  of  very  little  use,  except 
supiilementeil  by  observation  in  the  field.  The  model  of  the  form  of  theiairface 
in  the  chalk  at  ISrading  givcsan  idea  of  the  eieavation  of  the  gorge  in  the  ch:ilk 
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)elwcen  Dover  and  Calais*  much  25  the  dnvi^g  of  the  rirolet  in  Ecdesbouni  Glen 
pves  an  idea  of  N  iogara  FalU.  From  c!o<e  examination  of  small  Talleys  we  may 
earn  a  great  <leal  aboat  larger  ralley*-  Tbe  aV-ftraclion  of  water  to  make  ice  for 
rollection  on  the  land  in  the  g-icial  period  mn^t  hare  dried  the  channels  and 
:oasts  of  England  to  what  i«  cow  the  hnrdred  fathom  line.  I  hare  many  years 
ince  surveyed  from  Shakspcau'e**  Cliif,  the  Channel — which  I  beliere  was  once 
I  watershed,  bored  and  pierced  by  nsany  rTvers  and  brooks  in  a  cold  and  after- 
rards  very  wet  period  :  I  can  speak  poniczlariy  of  the  elfecl  of  the  landscape 
rom  Dover  and  from  Cape  Blanccez  cpon  cy  own  mind,  and  of  the  stillness  of 
hose  treeless  chalk  downs—  not  phici  of  chalk,  bet  a  series  of  headlands  and 
large  coombes  risii^  to  600  or  700  feet  above  the  sea.  In  this  watershed, 
jow  drowned,  were  once  the  soarces  of  two  large  rivers  or  glaciers ;  one 
passing  round  the  east  coast  of  England  and  receiving  the  Thames,  Soinme,* 
ivhine,  Maes,  Scheldt,  Hnmber,  Forth,  &c.  as  tributaries,  and  passing  to  the 
flebrides  ;  the  other  river  or  glacier  at  one  time  passing  along  the  south  coast 
>f  England,  and  receiving  the  Seine  and  all  the  small  streams  on  the  French 
lorth  and  English  south  coans,  having  great  waterfalls  at  the  places  where  are 
low  the  races  of  Portland  and  the  Channel  Islands.  This  stream  of  water 
>r  ice  met  the  perhaps  frozen  Atlantic  near  the  SciTlv  Islands.  It  requires 
rery  little  imagination  when  on  these  wonderful  chalk  clifis  to  realise  the 
sctensive  changes  that  must  have  occurred  in  the  glacial  period,  when  the 
jerman  Ocean  was  obliterated,  an*!  when  there  was  drv  land  to  enable  the 
Spanish  plants  to  pass  o%-er  to  Ireland,  the  plants  of  Bri:tany  and  the  Channel 
islands  to  the  south-west  of  England,  the  plants  and  land  moUusca  of  Nor- 
nandy  to  the  south-east  of  England. 

The  longer  connection  by  land  of  Gtiemsey  and  Belgium  with  the  east  of 
England  enabled  the  flora  and  fauna  of  these  countries  to  extend  nearly  all  over 
England  and  Wales  ;  while  two-third*  of  the  Belgian  reptiles  got  located  in 
England,  and  three  or  four  specie^  cros=>ed  over  to  Ireland  on  dry  ground,  over 
vhat  is  now  the  Irish  Sea. 

Then  the  Scandina\'ian  plants  crossed  to  Scotland  and  Wales,  and  a  few  to 
Devonshire,  remaining  now  in  group?  on  the  high  land  of  Wales  and  Scotland. 
\nyone  familiar  with  the  existing  glaciers  of  Switzerland  and  Norway,  and 
vith  the  lakes  eroded  by  ice  action,  or  with  the  remains  of  ancient  glaciers  in 
>nowdonia,  and  with  the  glacier-excavated  lakes  there,  can  realise  in  some 
neasure  the  effect  of  the  great  glacial  and  pluvial  periods,  and  can  understaixi 
hat  it  is  hopeless  toattempt  to  explain  them  in  a  lecture-room.  I  cannot  admit  the 
rorrectness  of  the  authoritative  statements  in  the  **  Principles  of  Geologj',^  that 
re  must  not  conceive  greater  forces  than  are  at  present  in  operation,  although 
nade  by  the  eminent  writer  who  has  lately  terminated  a  long  life  devoted  to  the 
tudy  of  geology.  The  geolc^sts  present  in  this  room  to-day,  however  much 
hey  might  differ  on  all  scientific  que>tion>,  would  all  agree  that  ver)*  little  is  to 
)e  learnt  in  geology  or  physical  geography  without  personal  obserxation.  And 
ny  advice  to  students  is,  not  to  rely  upon  books  and  lectures,  but  to  use  their 
>wn  eyes  in  studying  the  sections  and  drawings. 

I  have  now  alluded  to  some  of  the  points  of  the  theory  of  uniform  motion  of 
ivers  and  glaciers.  I  attribute  to  the  effects  of  gravity  in  inducing  friction  of 
ce  upon  ice,  in  lake  and  other  great  glacier^,  enormous  excavations  in  the  ice 
>eriod.  This  closed  at  a  date  not  far  from  the  historical  period  in  seme 
>arts  of  Europe,  while  in  other  parts  there  was  at  the  same  time  a  pluvial 
>erio<l.  t 


II  flowing  is  an  impotlanl  element  in  compuling  the  chaogg 
11.  The  stream  at  Blatk  Gang  Chine 
c,  but  if  eight  times  [he  quaslilj  of  nia 
IS  doubled,  the  power  of  the  surface  stream  would  be 
much  increased.  This  is,  however,  only  one  clement.  The  water  rmcaexch 
flat  watershed  descends  under  ground  and  escaped  ia  springs,  utd  springs  in  a 
wet  period  have  been  the  great  denuding  agenL  The  action  of  denudalion  by 
underground  watetcouisea  has  never  been  sufficiently  cstimatiird  or  properly 
calculated. 

The  contour  of  surface  depends  upon  the  resistance  of  the  strata 
fnlL     The  terreslrial  surface  of  the  earth  is  always  a  succession  of  I 

flats,  or  rather  walls  and  slopes.    This  is  what  we  call  "contour,'      

districts,  where  the  walls  are  very  conspicuous,  we  call  the  ground  terraced. 
Where  the  walls  are  law  th«  often  escape  observation.  Water  produces, 
eqiially,  lofty  and  nearly  vertical  walls  in  some  permeable  beds,  and  low  surface 
slopes  in  other  impermeable  beds,  or  it  produces  a  succession  of  inhnitely 
small  walls  and  slopes,  which  to  the  eye  appear  like  a  plane  or  carved  snrtace. 

These  are  questions  of  mechanical  stability  Or  instability.  (Denudation  is 
Instability.  See  page  487,  Geological  Magazine,  1S73. )  The  load,  the  quantity 
of  water,  and  the  direction  of  the  strata,  arc  elements  which  aflecl  the  coefgcienl 
of  instability.  Spring  water  is  the  most  destructive  agent,  as  the  water  flows 
out  of  the  ground,  at  limes  under  pressure,  underholeing,  or  undermining  the  most 
solid  rocks,  and  letting  immense  masses  of  rock  and  sand  fall  down  from  the 
sides  of  the  valley  into  the  bottom,  to  be  carried  away  by  rivers.  Anyone  who 
has  seen  the  slips  all  along  the  top  out-crops  of  the  impermeable  lire-clays  in  a 
Welsb  valley  in  the  coal  measure  s^es,  when  there  is  ten  inches  of  rain  in  a 
month,  will  be  able  to  estimate  the  eaonnans  denndallan  in  the  [dnvial  period 
(seepage  487,  Geol.  Mag,,  1872),  when  there  was  300  inches  of  rain  in  England 
in  the  low  ilistricts,  iiiid  prDhalily  two  or  llirtf  liinc  as  much  on  (he  miiilntain-. 
1  shall  continue  these  o  hie  r  vat  ions  at  a  meeting  of  the  Geologists'  Associa- 
tion, June  4th  next.* 
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APPENDIX. 

rom  the  equation  Q«>  AV  (i 
and 


From  the  equation  Q->  AV  (using  Q  and  q  for  dischaiges  per  second,  and  A 
id  a  for  cross  sections,  and  I  and  /  for  slopes},  and  from  observation,  I  have 

^.A/IX(2).andJL.A^fZlor  il.A/l3;..(3) 
V       ^    Q    I  V        ^   AV     I         V      ^   A    I 

from  which  I  obtain  a  new  equation  to  the  flow  of  water  in  nnifonn  con- 
strained motion — that  is,  only  when  \^v.  This  is  true  for  any  slope  with  the 
same  material  of  channel. 

Then  from  (2),  when  T7  «  i  thenA/.?.  -  Kf  1.  or  1.  — i_. 

^   Q^     ^    »       Q       I 

Then  from  (3),  when  v  "  »  thenA/^^  a/J.  or  ^^i 

^  ^    A      ^    ,•       A      J 

Then  by  compounding  in  the  very  general  case  when  water  is  in  unifonn  motion 
we  have  the  tonnnla 

4.^(4-*^) (4) 

I      2  \A     Q  / 

It  applies  to  water  in  canals  in  uniform  motion,  as  in  Figs.  6  and  7,  page 
446.  Coefficients  have  to  be  used  for  each  different  material  of  channel, 
which  are  here  omitted.     They  are  found  by  observation. 

The  effect  of  motion  in  diminishing  pressure  is  an  important  physical  cause  : 
this  appears  to  have  been  overlooked.  I  quote  some  remarks  on  thb  subject 
in  relation  to  the  barometer,  because  they  have  a  general  bearing  on  all  physical 
questions  where  pressure  is  modified  by  motion. 

From  the  Quarterly  Journal  op  the  Meteorological  Society,  y&r 

January,  l%^^ 

Mr.  A.  Tylor  said  he  should  like  to  offer  some  evidence  to  prove  that  the 
barometer  caimot  be  considered  a  correct  instrument  for  registering  the  abso* 
lute  weight  of  the  atmosphere,  although  it  often  indicates  Uie  relative  weight 
correctly.  The  absolute  pressure  on  the  cistern  of  the  barometer  varies  much 
more  for  horizontal  motion  of  the  air  than  it  can  for  mere  change  of  weight  of 
the  atmosphere.*  By  analogical  reasoning  from  his  experiments  on  the  Injector, 
described  page  21  ^,  PhiL  Mag.  Septeml^,  1S74,  he  stated  that  the  column  di 
mercury  m  the  barometer  shortens  for  motion  instead  of  lengthening  for 
weight.  There  is  a  constant  £U1  in  the  barometer  during  the  formation  of 
clouds  and  condensation  of  vapour  into  rain  in  temperate  climates,  where  the 
rain-making  process  occurs  in  the  lower  strata  of  the  atmosphere.  The  mixture 
of  dry  air  and  vapour  at  40**  would  cause  a  change  only  of  8  parts  in  a  thousand 
in  volume,  and  yet  would  cause  a  considerable  lateral  and  vertical  displacement 
and  movement  in  the  atmosphere.  The  change  in  absolute  weight  of  the  atmo« 
sphere  under  these  circumstances  would  be  comparatively  slight,  and  would  not 
account  for  a  fall  in  the  barometer  of  o'3  in.  or  0*4  in.,  or  3  per  cent,  (or  30 
parts  in  a  thousand),  which  is  frequent  in  England  during  the  process  of  rain* 

*  Professor  R.  Tennant,  of  Glasgow,  infonns  me  he  has  read  a  paper  recently  at  the  Royal 
Society  of  Edinburgh  (which  will  appear  in  their  Transactions),  "  On  Meteorology."  containing 
a  view  cf  barometric  action.    Fran  the  abstract  sent  this  appears  to  be  similar  to  my  own. 


making.     Then,  rtireclly  the  rain  has  fiUen  and  ihe  lit  becomes  quiewent,  I  _ 
luuomeier  rien  acpin  ;  the  influence  of  moiicn  having  ccucd  equilibrium  il 
»e±rtv  rHtorcd.    Intiopical  counlric*.  wheie  rain  U  folinol  al  a  high  elenliM    , 
»ba*«  the  grooDd.  ihc  bcwiaintal  movemcnu  in  tbe  upper  strata  «e  masked 
complelcly  by  the  «:liuil  rain&H  new  the  sutface.  tropical  ram  making  lu  in 
bU  verliMl  ourrBih.  in  ihe  ilireetion  of  the  gnuintl,  Ihus  t&ufini;  Ihe  haroraettt   . 
to  rite  bec<m«c  il  ictually  puti  an  e«tni  line  of  pressure  on  the  crMcm,     In  the    ( 
Doldrams.  U  it  wirll  known  ihat  the  wind,  meeting  near  the  «a-level  ean- 
■tanily  mix  and  ciu»e  an  upward  furrent,  ■c«)ni|»nled  by  condcnntiDn  ol    i| 
Tipour.      The  barmneler  h  therefore  nlway,  a  liiile  under  30  inchei,   not 
because  tbe  atnuHphen-  i>  lighter  there  than  dsewliere.  Iml  bccauw  ihere^     ■ 
hariiootal  molion  acron  the  uolumn  eauned  by  Iho  EenerWion  of  rwn.  utt 
motion  upwurdi  cauiod  by  the  exnaa^oo  of  the  m  »etticillif.    The  tw 
diflerem  causo.  prwluec  the  naiiiu  crfecl  in  diminisbing  the  actual  prenire  <c 
theciilernoflheharoracler.    It  I*  poulblc  with  a  veludly  of  ten  milisanhouf, 
Inannrtilioiilcurrent  ot  air  or  blast  io  a  6nlo  depress  t^e  barometer  O'lincli, 
independently  of  »ny  ruefaclion  or  candentation  of  the  air  lUelf.    Thi*  woold 
cause  a  lidl  of  0'5  in.  fo(  a  turrent  of  fifty  mile*  an  hour  if  the  barometer  ftil 
in  like  proportion.     This  rate  would  accord  with  that  observed  in  atmoipbenc 


storms  when  Ihe  force  of  (he  wind  it  fifty  miles  per  hour.  He  thought  no  cb.in^ 
nf  mere  wtiEhl  of  alnio-.]ihcre  could  cause  the  Uirometcr  to  f.ifl  I  '693  in.  i( 
happened  In  Uuulnloupc  in  Seplemlier,  185,1;  ur  at  Itmnitcy  I 'O  in.  on 
November  igib,  (874  ;  or  vai  in.  at  Uuildfonj  al  the  same  titne.  This  ii;..ull 
or  fall,  showing  Rrcat  diminution  of  pressure,  was  perhaps  equally  due  to 
KUildcn  condensation  of  vapour  causing  local  CHrrenls,  and  to  the  strong  winds 
di-TiveU  from  ilistaut  rcgiims  causing  horizontal  molion  across  the  column  of  air, 
nnd  reducing  pressure  on  Ihe  cistern  of  the  barometer  and  causing  the  column 
to  sliorlen.  Then,  on  the  conlr.iry,  in  London,  on  December  isl  to  I4lh.  1S73. 
the  liaromcler  averngcl  305  inches,  the  almostihere  lieing  excessively  still,  nml 
(oe  conlinuiius.  IJireclly  rain  .iccurreil,  on  liic  I5(h,  the  Imoinelcr  fell  f.T 
motion  in  the  air.  In  his  exjicrimcnls  on  Ihc  Injector,  described  page  115, 
Phil.  Mag.  1874,  he  found  that  in  Ihc  body  of  the  Injector  there  was  121  llis. 
of  pressure  by  Ihc  gauge,  accompanied  by  rapid  molion  of  the  steam,  yet,  in 
an  ailjoiiiing  tube,  connected  with  (he  water  lank  opening  al  a  right  angle  into 
llic  Injuclor,  ihtre  were  two  inches  of  vacuum  according  to  a  w.iler  g.iuye. 
The  cipcrimcnl  ahows  that  within  an  inch  of  distance  of  a  current  of  steam  al 
101  lbs,  pressure  by  Ibe  gauge,  there  was  actually  an  open  water  pipe  with  1 
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partial  Tacoiim  and  a  slow  motion.  This  shows  how  much  fluid  motion  in  one 
direction  can  influence  pressure  and  motion  in  another.  In  Fig.  35,  the 
Injector,  the  friction  of  the  steam  against  the  metal  raised  the  temperature  0**1 7» 
and  the  pressure  i  lb.  above  the  pressure  in  the  boiler,  and  yet  made  apartial 
vacuum  m  an  adjoining  stratum  of  fluid,  that  is,  in  the  water-pipe.  Tnis  ex- 
periment is  a  proof  that  the  barometer  cannot  give  a  true  indication  of  wdg^t 
when  there  is  motion  in  the  atmosphere.  The  Injector  is  a  case  stricthr  in 
oi  nt ;  the  currents  of  steam  and  water  not  being  separated  by  any  vahres, 
are  true  types  of  the  contrary  currents  occupymg  adjoining  strata  in  the 
atmosphere. 

The  drawing.  Fig.  ^5,  page  468,  represents  an  ordinary  injector.  About  60 
experiments  were  kmdly  made  for  me  by  James  Cudworth,  CE.,  at  Ashford, 
to  determine  the  state  of  the  relative  pressures  in  the  boiler,  injector,  and 
waterjpipe  as  soon  as  the  water  began  to  enter  the  boiler.  The  currents 
at  dirorent  levels  and  different  direction  in  the  atmosphere  may  affect  the 
barometer  much  as  different  currents  of  steam  when  the  boiler  pressure  change 
very  rapidly  affects  the  reading  of  the*barometer.  The  results  of  the  experi- 
ments were  that  in  passages  connected  with  each  other  there  was  a  difference 
of  ICO  lbs.  in  pressime.  The  direction  of  motion  of  the  fluid  in  one  part  of 
the  apparatus  entirefy  modified  pressure  in  another  part. 

^  «  r,  ^fO   83  ^ 

Carve  ataiui  tyj^uwanuatijri 
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SUN'S  ATTRACTION. 

The  question  of  the  effect  of  the  sun's  heat  on  different  parts  of  the  earth  no 
doubt  depends  upon  the  angle  at  which  the  ray  or  heat-vibration  from  the  sun 
strikes  each  part  of  the  earth  ;  but  the  question  of  the  time  and  motion  of  each 
square  foot  of  the  earth's  surface  is  exposed  to  the  sun*s  rays  should  also  be  taken 
into  account.  We  know  that  the  effect  of  the  chemical  raysdepends  very  mudi  upoa 


the  olject  being  slill,  uid  on  ibe  dmatioa  of  ihe  alUcking  series  of  chemical 
laji  or  vibratioiB  oo  tbe  eipmcd  sorface  in  the  photopaphic  progress  The 
(cnsible  aim'!  hext  rajs  maj  be  in  proporlioD  to  the  time  eaidi  heat  raj  or  rilvs- 
tion  reaches  the  earlb  cr  is  in  iu:tioa,  as  vrell  as  to  the  distuicc.  This  may  h^Ip 
ta  eiplaia  why  the  Hni'^  heat  b  least  irhen  the  earth  iinctcresl  to  the  sue,  far  the 
retociiy  of  the  eanh  it  then  greater :  thcai^lcofineidenceoif  rajsalsoTarTinE. 
Fig.  36  rcptesenti  an  ellipse  or  orbit  willl  the  Jargc  attrsdiVE  body  ai  the 

eint  F,  one  of  the  foci  of  tUs  ellipse.  M'  M"  oic  snaJlet  Unties  snppcnd]  to 
defected,  from  the  itraieh'  lineakmig  ivhich  they  werenrojerted,  bjrtheftirec 
of  the  greal  body  al  F.  It  will  be  scan  by  reference  to  Fig.  37,  that  the  oibil 
cannot  be  a  true  cllipie  which  any  body  M'  or  M"  will  follow.  The  renxm  ii 
that  the  curve  in  the  ellipse  is  icilly  greatest  at  A,  while  it  approxcha  a  itnidu 
Hue  at  D.  Allraction  boat  a  sii^e  force,  F  to  M,  could  not  pntduce  saat  t 
result,  which  would  only  occirr  if  there  were  another  attracting  body  of  com! 
>iw  at  the  other  focus  F  ;  that  is,  an  ellipse  it  a  two-centred  curve  and  an 
le  of  the  properties  of  the  sit^le-centred  orbiia!  curve  Fig.  37. 


OrSAai  eaz-vtiiat  aa  ^T/afg, 


MteM  {racks  t^^To  on  cntcrarf  Qrlft. 

Fig.  37  is  an  orlillal  curve  in  which  [he  earth  moves  roand  Ihe  sun  supposed 
to  be  stationary,  or  in  which  tho  moon  moves  round  the  earth  when  thai  liody 
is  supposed  to  be  stationary  for  the  purpose.  The  deflection  of  the  small  body 
M,  M,  M,  &c.  (from  a  straight  line),  projected  into  the  otbil,  is  in  proportion 
to  the  weicht  and  nearness  of  the  small  attracted  body  M,  M,  &c.,  to  the  great 
allracting  body  at  F.  The  orbital  curve  at  A  is  greatest  because  ibe  force  E  is 
nearest  to  that  part  of  the  curve,  anil  therefore  E  deflects  M  (extending  va 
orbit  and  continuing  it  in  the  track)  most  from  a  straight  line.  In  Fig.  37  the 
attractive  force  from  E  is  at  its  mean  at  C  and  1),  and  tlierefore  the  curve  at 
those  points  is  at  its  mean  at  C  and  I>.  Tlie  gradient  or  slope  of  the  orbital 
cur^■e  is  at  its  minimum  at  B.  because  E  cin  <k-flL'ct  the  small  body  M'  least 
at  1)  from  a  straight  line.  The  gradient  or  curve  is  greatest  al  A,  because  tht 
attractive  force  al  E  can  defied  the  small  body  M  the  most  from  tlic  straight  line 
in  which  a  body  like  the  moon  or  earth  was  originally  ]irojected  through  space. 
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t  would  CDXktinve  mo¥ing  in  a  straight  line  except  when  deflected  by 
Atraction^  and  thefefore  the  curve  of  deflection,  or  orbital  curve,  may  be 
onsidered  as  the  resuTtant  of  the  two  forces.  The  orbital  curve  is  r^iy  to  be 
reated  as  a  case  under  Law  3,  Cor.  i  and  2,  B.  i.  Principia,  where  the  law  of 
he  parallelogram  of  forces  b  stated.  As  the  orbital  curve  is  not  an  ellipse,  Prop. 
[viL  prob.  iz.  R  L  Principia  does  not  apply.  That  proposition  only  applies  to 
x>mc  sections.  The  shape  of  Fig.  37  proves  the  orbit  of  the  earth  or  moon 
:amiot  be  a  conic  section.  Why  the  orbit  of  the  earth  was  ever  treated  as  a 
»nic  section  is  diflicult  to  understand.  By  calculating  the  gradients  of  the 
)rbit — ^that  is,  the  curve  at  diflerent  points — I  find  the  curve  is  much  more 
■gg-shaped  than  elliptical.  In  all  the  drawings  of  the  orbit  of  the  moon,  where 
he  eartn  is  considered  stationary,  from  the  times  of  Kepler  to  Procter,  I  find 
iie  orbit  drawn  as  an  eHipse,  with  the  curve  at  B  Apogee  and  A  Perigee — the 
same  gradient,  if  I  may  use  that  temk  I  find,  however,  that  at  A  Perigee  on 
iie  22nd  November,  1874,  the  gradient  of  the  curve  was  O'oi  185  of  a  foot  in  a 
nile,  while  at  B  Apogee  on  the  9th,  the  gradient  was  only  0*01047  of  a  foot  in  a 
nile.  On  the  15th,  when  the  moon  was  near  the  mean  distance  for  the  month* 
D  the  gradient  was  intermediate,  or  0*01082  feet  in  a  mile.  In  an  dlipse  at  mean 
listance  C  or  D  the  curve  would  be  almost  imperceptible,  and  also  would  be  of 
iqual  gradient  at  B  Apogee  and  A  Perigee.  The  same  general  remarks  applv  to 
iie  orbit  of  the  earth  round  the  sun.  I  have  shown  the  point  P  on  the  27th  of 
N'ovember,  1874,  nearer  the  earth,  Fig.  37,,  than  on  the  1st  by  a  considerable 
listance.  After  the  whole  limation  on  the  27th  Novembber,  when  the  moon  is 
in  the  same  position  as  to  angle  as  that  which  is  occupied  on  the  1st  November, 
IS  regards  the  earth,  the  moon  is  less  distant.  This  is  indicated  in  Fig,  37  reduced 
from  large  drawing  in  which  I  calculated  the  distance  of  the  moon  for  each  day. 
Fig.  37  is  a  complicated  curve,  not  a  conic  section;  I  have  called  this  the  orbital 
mrve,  the  velocity  and  gradient  decreasing  from  A  ta  B  through  C  and 
increasing  from  D  to  A  through  C  in  a  simple  ratio. 


NOTES. 

*  Note  to  page  439. — Ice  acts  as  a  colloid  in  promoting  the  passage  of  vapour 
)r  of  water  into  the  interstices  of  cells,  and  thus  produces  the  cold  necessary  for 
"egelation,  by  evaporation  of  water.  Directly  the  spaces  are  filled  the  contrary 
iction  ensues,  and  that  is  the  reason  why  there  is  no  regelation  when  there  is 
10  superfluous  water  to  melt  the  ice  in  contact  with  it,  or  too  much  water.  With 
ce  (if  possible)  firozen  of  the  specific  gravity  of  water  in  an  hydraulic  press» 
egelation  would  not  occur,  as  there  wotdd  be  no  air  cells  or  colloidal  ice.  As 
vet  ice  regelates  and  freezes  to  flannel,  the  explanation  of  regelation  cannot  be 
hat  it  depends  on  cohesion  or  attraction  of  surfaces^  except  so  far  as  these 
iffect  evaporation  and  condensation  of  vapour. 

•  Note  to  page  442. — Fact  mentioned  by  James  Giekie,  Ice  Age,  1875* 

Note  to  Fig,  9,  page  447.  — 

:hannel AB  BC  CD  DE  ")  Mean  velocity  nearly 

discharge 0*203        0*307  a*6i8  1*236  ^  equal  in  the  four  chan- 

Velocity 1*278         1*259  1*325  1*348  I  nels,  notwithstanding 

slope 0x30824    0*049  o*oo2o8  0*0015  ^   difference  of  slope. 

The  observations  were  made  by  Darcy  and  Bazin,  i86S»  without  any  view  to 
his  theory.     Recherches  Hydrauliques,  Paris. 

Note  to  Fig,  10,  page^j^, — I  calculated  in  1853  (Phil.  Mag.  p.  264)  that  the  solid 
natter  in  suspension  in  Mississippi  water  indicated  a  denudation  of  the  whole 
urface  of  1,240,000  square  miles  (the  area  drained  by  that  river),  of  i  foot  in 
^,000  years.     By  taking  into  consideration  the  siliceous  matter  carried  beyond 
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ihe  Delta,  which  I  omilled,  and  c&tinuUtng  [he  propordon  of  qoiru  rock  [o 
cUy  ilale  as  1  to  I.  in  the  district  under  dcBudalion,  I  now  calculate  the 
average  lale  of  denudation  in  the  Miuiissippi  area  (which  is  sumxMed  to  be  llie 
Dvenge  of  the  world)  a[  i  foot  in  3,000  yeus,  of  which  8  inches  k  alicam 
nailer,  and  the  other  sileu  and  clay  in  the  proportion  thej"  are  fbuod  in  daj 
ilale.  The  usual  proporltoD  of^licaand  alumina  in  the  solid  matter  sotpesdeil 
in  river  water  a  that  in  clay  dale,  acconliog  lo  Bischoff :  thai  v^  dlt<a  65  -| 
and  alumina  l6'38  per  cent,  in  claj  dale.  In  the  Rhine  water  fitschoff  foaiid 
the  sedinienl,  ot  nuller  in  luspension,  crtnipoMfl  of  6377  silica  and  1554 
alumina.  On  the  contrary.  In  the  Permiaa  bedi  he  ioanA  silica  97  and 
alumina  1  per  cent. 

The  proportion  in  the  rocks  of  the  globe  of  lilica  and  alumiDa  gins 
a  means  of  calculating  the  rate  at  which  the  whole  surface  of  tbc  earth 
is  lowered.  The  welled  perimeter  at  Fort  St.  Philip,  Missisuppi,  a  1,576 
feet.  If  the  sand  on  the  river  twllom  and  channel  moves  out  to  tta 
I  foot  deep  at  10  feet  pet  mimileF  twice  as  much  material  will  be  cm- 
veyed  beyond  the  mouth  of  the  river  alone  the  bottom  as  is  carried  awij 
in  suspenuon.  Coloael  Tremenheerc ,  in  1S66.  made  a  series  of  obscrvalkiu 
on  the  movement  of  water  coasl-wayson  Ihe  coast  of  India.  He  found  a  con- 
stant current  in  one  direction  al  1  mile  an  hour,  taking  floats  from  the  Indiu' 
mouth  righl  into  the  harbour  of  Kurraehee.  Mr.  Croli  has  entirely  omitttd 
from  his  calculations  Ihe  enormons  mass  of  sand  pushed  oul  or  carried  out  to 
sea  by  rivers,  in  his  lale  estimate  of  denodalion  in  dicnate  and  time.  He  has 
also  mistaken  Ihe  fibres,  I  prlnled  first,  of  Ihe  coast  line  of  continents,  for  the 
coast  line  of  the  whole  world.  In  Phil.  Mag.  1853,  I  cave  Fip.  i.  naoe  i6l 
the  proportion  of  the  coast  Ibe  of  tlM  whole  workl,aiidm& 


the  denodkUcdi  bfthe  tea,  takiw  ^  coast  line  ofidands  a«  twice  as  muchu 

continents.  Mr.  Croll  hai.  variedmy  figures,  and  arrived  al  a  condmion  thit 
no  one  could  arlmil  a.>i  iq  denu.laliuii,  I  consider  ihat  after  a  Lm"  dcnn.t.in™ 
the  coast  lini 
would  be  as  i 

•  Ni,le  lo  fagfs  442  and  449. — Dubual  has  been  misunderstood  on  this  subject 
by  Mr.  Croll.  Dubual  limited  his  remarlts  on  the  relation  of  motion  to  slope  to 
ihc  case  of  a  liille  canal,  and  never  intended  his  remarks  to  apply  to  the  relative 
motion  and  slope  of  the  oce.ui.  Mr.  Croll's  aigument  on  this  point  wiih  Dr. 
Carpenter  is  unronniiately  based  upon  an  incorrect  reading  of  Dubual,  and 
cannot  be  maintained. 

'//irteffffiaee4$6. — The  Niagara  limestone  is  80  feet  thick,  Ivingon  Ihe  Niagara 
shale,  also  80  feet  thick,  according  lo  Dana,  where  the  Niacira  waterfall  is 
60  feet  high.  The  covering  of  the  shale  by  falling  blocks  of  limestone,  is  not 
noticed  by  him,  although  il  must  be,  1  should  think,  an  important  feature, 

'JVi'le  ta  fia^e  t^j , — The  gradient  from  the  surface  of  Ihe  Weald  clay  once 
uponCtowborouch  Beacon  (then  1, 700 feel  high),  in  the  direction  of  Sevenoaks 
Weald,  near  Hildenborough  (400  feet  high),  close  lo  the  south  end  of  the 
Scvcnoaks  tunnel,  was  a  comparatively  flat  surface,  about  80  feel  per  mite  ;  that 
is,  the  fall,  from  1,700  feet  to  400,  or  1,300  leel  in  17  miles,  is  80  feel  per 
mile  ;  while  in  ihe  gorge  at  Dorking  the  Weald  clay  falls  800  feel  in  a  mile. 
Ill  one  case  there  was  a  watershed  and  a  small  denudation,  in  the  others  1 
river  and  greal  removals,  owing  lo  the  difference  in  dip  favouring  denudation. 

JMt/rla  Fig.  35,  page  461. — This  wood-cut.  Fig  35,  and  accompanying  e»pla. 
nation,  was  scl  up  in  type  by  Mr.  Anslin,  of  Hertford,  in  1872  for  the  Geological 
Ma|;adne.  My  paper  on  denudation,  with  allusion  10  ihe  Weald,  was  l^ing 
published,  bul  Ihe  end  of  thai  pa|ier  was  cut  olTfor  want  ofspace,  including  the 
illuslration.    I  reprint  this  on  page  473  from  Ihe  proof  of  187Z  without  alteration. 
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n  escarpment  from  north  to  south. 

lUt  allering  the  form  of  the  escarp- 
ment streams  S'  to  S"'  flowing  from"  E.  to  W.  or  W.  to  E.  The  Wcalden 
rivers  flow  with  the  dip  ;  the  Avon,  at  Clifton,  flows  against.  The  strike,  here 
represented  east  to  west,  appears  to  he  important,  as,  whatever  the  dip  may 
be.  the  river  enters  the  escarpment  at  a  right  angle.  It  can  make  most  pro- 
n  denudation  when  it  strikes  the  strata  directly,  and  niA  obliquely. 


FIC:5J!. 

The  Streams  S'  to  Svi  are  shown  entering  the  side  river,  or  banks,  Vi  to  V' 
at  an  acute  angle,  and  these  enter  the  main  stream,  near  K>  also  at  an  acute 
angle.  In  a  paper  sent  to  the  Institute  of  Civil  Engineers,  Febiuaiy  1872,  the 
author  has  discussed  the  question  of  river  junctions.  The  stratum  shown  south 
of  the  streams  V  to  V'"  is  intended  for  chalk,  and  is  shaded  so  as  to  show  the 
higher  elevation  of  the  source  of  the  streams.  S'  to  .S''' ,  in  consequence  of  the 
greater  stability  of  the  chalk,  than  those  flowing  from  Ci,  the  Gault  clay  con- 
taining those  streams.  It  will  be  observed  thai  the  stream  S'  flows  nearly 
north,  then  west,  and  then  south.  The  streams  flowing  off  the  Wcalden 
Escarpments  take  such  a  course  that  they,  after  a  few  miles,  flow  in  an  opposite 
direction  to  that  they  first  followed.  Fig.  35  represents  this  general  fact.  The 
height  of  the  main  stream  at  Vii'  depends  upon  thedistance  and  relative  levels 
of  Uie  Watersheds,  and  of  the  point  it  discharges  at  into  the  sea  or  great  river. 
The  longitudinal  flexures  of  the  pervious  and  impervious  beds,  and  the  general 
direction  of  the  side  streams  also,  upon  the  quantify  of  water  flowing,  deter- 
mine the  eiact  position  of  the  Weald  and  other  rivers.  The  course  of  the  side 
streams  is  determined  often  by  fleiurcs  of  the  strata  and  Watersheds,  so  that  it 
is  a  complicated  problem,  but  not  an  impossible  one,  to  find  the  theoretical 
7  under  certain  known  conditions. 


igjj^^;2|I4^ 


East  West 

This  diagram  shows  the  eflect  of  transverse  fleiurcs  on  the  Weald  clay,  or 
Wealden  valley,  combined  with  similar  flexures  in  the  l.'iwcr  Grecnsand,  in 
determining  the  particular  points  of  the  Wealden  escanimenls  to  Iw  perforated 
by  the  Wealden  rivers,  the  rivers  Wey.  Mole,  and  .\l<.-d«-ay  Ri,  Ri',  R'", 
flow  at  the  bottom  of  the  traverse  binomial  curves  li',  B",  1(1".  The  great 
flexure  near  Holdenliorough,  for  instance,  raises  the  Weald  clay  to  a  much 
greater  elevation  there  thao  at  a  point  at  Dorking. 
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7  Piigfs. 
Improvement  of  their  Social  Posuion.-  inis  work  contains  a  statist icai 
account  of  the  number  of  manufacturers  in  business  at  a  specified  time, 
distinguishing  those  who  have  commenced  life  as  workmen  from  those  who 
h.ive  commenced  with  small  or  large  capital.  The  accounts  show  tliat  the 
proportion  of  existing  manufacturers  is  in  the  same  proportion  as  the  amt 
classes  in  the  whole  popukition. 

I.  Articles  on  Metal  Work,  Ure's  Dictionary,  R.  Hunt,  F.R.S.,  Editor's 
Edition  1S60.     Founiliug,  &c..  See,  Longman. 

I.  On  the  Footprints  of  an  Iguanodon,  Inlely  found  at  Hastings,  and  its 
Position  in  the  Wcalden.  Contained  new  view  of  the  horizontal  thinning 
out  of  the  H.Tstings  sand  series,  on  each  side  of  Hastings,  and  of  the 
relative  position  of  the  Weald  clay  between  Pcvensey  and  Eastbourne. 
Quarterly  Journal,  tJeoli^cal  Society,  page  147,  1S62. 

I.  Rolling  and  Casting  of  Metals,  8  pages.  410.  Contains  comparative  view 
of  regetalion  of  ice  and  of  welding  metals,  both  processes  being  as  dependent 
upon  the  colloidal  structure  of  the  material.  Practical  Mechanic's  JoumaL 
Record  of  the  Great  Exhibition  of  lS63.     Edited  by  R.  Mallet,  F.R.S. 

.    ReporlonClassXXXL,  Metal  Work.  Part  L,  13  pages,  1862  Inl 
Exhibition  Report.      Bell  and  Daldy,  iSbi. 

.  Part  IL  ditto,  37  pages,  dillo,  ditto. 
""       "  and  Manufacl 
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Advocate  during  the  preparation  of  the  Scotch  Education  Act,  which 
passed  Parliament  in  1872-3.  The  Lord  Advocate  used  the  argument  in  page 
36,  2nd  edition,  1863,  in  replying  to  the  objection  that  illiterate  men  were 
not  fit  to  choose  school  boards.  On  page  36  it  is  shown  that  electors, 
(among  whom  are  many  uneducated)  choose  members  of  Parliament — that 
is,  the  less  educated  classes  select  the  more  educated  men.  Also,  that 
parents  are  more  fit  to  choose  proper  persons  to  manage  schools  than  the 
rich  educationists,  who  subscribe  to  schools  to  get  uieir  own  particular 
views  on  certain  subjects  thrust  on  to  the  mass  of  the  people. 

14.  Jury  Report  translated  into  Swedish,  by  Dr.  Andreas  Grill,  President 
of  Board  of  Ironmasters,  Sweden,  1863. 

15.  "Industrie  und  Schule."  Mittheilungen  aus  England,  von  Alfred  Tylor, 
auf  Veranlassung  der  Kdnigl.  Wurtemburgsche  Centralstelle  von 
Gewerbe  und  Handel.  President,  Dr.  von  Steinbeis,  deutsch  bearbitet 
von  Dr.  Bemhard  v.  Gugler.   Stuttgart,  1865. 

16.  On  the  Discovery  of  supposed  Human  Remains  in  the  Tool-bearing  Drift 
of  Moulin,  Quignon.  Anthropological  Review,  1863,  pages  x 66 — 169.  The 
authenticity  of  this  specimen  was  doubted,  and  the  suggestion  made,  page 
168,  turned  out  to  be  correct,  that  the  human  jaw  hadbeen  removed  from 
an  old  Prankish  cemetery  and  buried  in  the  ground  by  the  workmen. 

17.  On  the  Interval  of  Time  which  has  passed  between  the  formation  of  the 
Upper  and  Lower  Valley-Gravels  of  England  and  France.  Vol.  xxii. 
pages  463 — 468,  Abstract  Quarterly  Journal  Geological  Society,  1866. 
This  paper  contains  the  view  that  what  were  termed  High  and  Low  Valley- 
Gravels  were  of  one  age,  and  close  to  the  historical  period. 

18.  On  the  Amiens  Gravel  (Abstract,  page  i)  and  Paper,  pages  103 — 125,  vol. 
xxiv.  Quarterly  Journal  Geological  Society,  1868. 

i8a.  Ditto,  Geological  Magazine,  December,  1867.  This  paper  contains  the 
first  suggestion  of  Pluvial  period,  page  105. 

19.  Das  Amiens,  Geroll  aus  Alfred  Tylor,  Gelesen  den  8th  November,  1867. 
Neues  Jahrbuch,  vol.  xviii.  pages  129 — 137,  1868.  Leonhart  &  Geinitz, 
Stuttgart. 

2a  On  Amiens  Gravel,  The  American  Journal  of  Science  and  Art,  vol.  xlvi. 
pages  302 — 327,  New  Haven,  U.S.,  1868.     Dana,  Editor. 

21.  On  the  Quaternary  Gravels  of  England  (Abstract).  Vol.  xxiv.  page  455, 
Quarterly  Journal  Geological  Society,  1868. 

22.  On  the  Quaternary  Gravels  of  England.  Vol.  xxv.  pages  57 — 100, 
Quarterly  Journal  Geological  Society,  1869.  This  paper  contains,  page 
63,  calculation  of  volume  of  flood  in  Gravel  period  one  hundred  and  twenty- 
five  times  that  at  present  in  the  same  valley,  and  the  calculation  that  rivers 
were  twenty  times  (or  more)  larger  than  at  present,  page  59. 

23.  Discovery  of  a  Pleistocene  Fresh-water  Deposit,  with  Shells,  at  Highbury 
New  Park,  near  Stoke  Ncwington.  Geological  Magazine,  1868,  vol. 
i.  page  391.  The  flint  implement  engraved  by  Mr.  Evans,  Ancient  Im- 
plements, page  525,  was  found  by  me  among  loose  materials  in  this  pit, 
probably  brought  with  chalk  and  sand  from  another  part  of  the  Thames 
Valley.  I  showed  this  specimen  to  Mr.  S.  Skertchley,  and  other  persons 
at  different  times,  believing  it  to  be  a  remarkable  fractured  flint.  Mr. 
Evans  visited  the  pit  afterwards,  found  the  flint  where  I  had  been  working 
for  shells,  and  at  once  identified  it  as  a  real  flint  implement.  Very  few 
instances  are  known  of  the  occurrence  of  flint  implements  in  the  Thames 
Valley,  where  it  is  expected  they  would  be  most  abundant. 


Iht  if  Sdaaifie  Pafert. 

34.  On  the  Fomiiuion  of  Delias,  suul  on  th«  Evidence  snd  C«ise  of  GitA. 
Chaise*  of  Sea-Level  during  Ihe  Clncial  Penod  (AlHtract).  VoL  xml 
pages  7 — la.  Qairterlj'  Journil  Gtolagical  Society  {read  November  ti,  1 
iSw),  1861).  Tbis  abilnci  Contains,  page  9,  sugeeilod  rainralluo  bciiO'' 
in  Ucavel  period  ;  the  liw^  of  pnialKilic  river  curves  ;  Ilie  proof  of  nceift 
level  being  lowered  600  fei:!  in  Gladnl  period,  \rf  lemonil  of  wAler  la 
form  ice  on  the  land  ;  binoniial  curve  of  denudation  ;  sections  in  Uie 
Modern  Delta  of  Venice,  &c. 

35.  On  the  Formation  of  Deltas  and  on  the  Evidence  and  Cnosc  nf  Gral 
dmngd  in  the  Sea  Level  Huring  the  Glacial  Peiiod,  with  Ap)>eDilit.  Vat 
ix.  pages  391 10  399,  and  48$  lo  500,  Geo1i:^o»1  Magazine,  l87».  Thfc 
ix  the  paper  prtntM  as  reail  at  the  Geological  Society's  meeting,  NoTeBl> 
bcr  M,  1868,  with  an  Appendix  bringiug  up  the  fiuiiject  to  iSyx. 

aSA.  Drswings  for  Improved  Ventilation  of  Mines,  Measuring  Apparatus,  mk 
Laws  regulating  Y  low  of  Ait  and  Water,  1870  and  1871. 

36.  On  Tides  and  Waves  (Deflective  Theory).  Pages  304— 219,  Philosophiod 
Magazine.     Tajlor  and  Francis,  London,  1874. 

37.  Remarks  on  the  Eflect  of  Motion  in  diminishing  Pressure,  illustrated  hf 
the  Tall  in  the  bnromeLer  for  motion  in  the  atmosphere,  whether  caused  bf 
motion  of  air  in  storms,  or  by  condensation  of  vapour  causing  motion  in 
atmosphere  during  nun-making.  Pages  i79,  380,  Quarttily  Jounitl 
Meteorological  Society',  Janoaiy,  1875.     Williams  and  Slrahan,  LondiMt 

■s;s. 

aS.  Lecture  at  London  Institution,  March  II,  1S7;.  Lecture  Suj^lement  ta 
Jouraa]  of  Loodoa  Institntioo,  Ko.  x6,  pages  37—48,  1875.  ' 

39.  Ditto,  ditto.  Reprinted  with  Additions,  September  i.  Supplcmart, 
UeofOEical  .Magazine.      rrul)ner. 

30.   Lcclurc  on  1  Nil  and  Valley  PormntJon  and  Ln«s  of  Deniidnlion  anil 

Kivers,  nl  Goul.igiual  A^,ocL:.llon  Uiiiversily  a.lk-!;c,  London,  June  41I1. 
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I. — OS  THB   GbOLOQT   of  CEKTKAIi   SUMATBA.' 
By  fi.  D.  M.  Tmbbbm, 

Superintendent  of  tha  Geological  Burrej  of  Bunutn. 
I  fossils,  which  will  be  desuribed  hereafter  by  Dr.  Qiinther, 
'.R.S.,  Prof.  T.  Kupert  Jones,  r.E.S.,  H.  Woodward,  F.E.S., 
.  B.  Brady,  F.H.8.,  were  found  in  the  years  1873  and  1874, 
in  rocks  of  the  "  Padangache  BovenUndeii "  (Highlands  of 
^),  Government  of  the  West  Coast  of  Sumatra,  and  partly  in 
md  limestones  of  the  Island  of  Niaa. 

rder  to  show  the  position  of  the  fossiliferouo  rocks  to  oaok 
and  to  the  plutonic  and  volcanic  rocks  which  aocompany  them, 
the  following  brief  sketch  of  the  geology  of  some  parts  of  Su- 
as  far  as  it  is  known  from  ths  investigations  of  our  Survey. 
HigUandt  of  Fadang  (Qovemment  of  the  West  Coast  of  Su- 
.     Sea  Map,  Fig.  1,  and  Section,  Fig.  2. 


Cektbai.  Sumatra. 


ic  Equator. 

1  Memoir  on  llie  GeolnKy  of  a  part  of  Sumatra,  including  notf«  on  Biimeo 
»,  by  Hebr  R.  D.  M.  Vehbeek,  Supotinlendpilt  of  the  (iwilo-rieal  Survey  of 
,  u  inirodnctory  to  a  tents  of  palffionlolojrical  papen,  dciirriptiv 
'  We»t  Coast  of  Sumalra,  to  be  puljlishnl  with  llluKtratiou 

MAaAii>-E.  by  tbe  ambority  w'  —-■-  "■ ■-' '  "■ 

lent.— Editor. 
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478  S.  I>.  Verbeek — Geology  of  Sumatra. 

1.  The  oldest  roclis  of  this  pEirt  of  Sumutm  nre  graaitei,  ffranStr- 
m/tnilea,  and  tyeniles,  !□  several  modiGcatioDS.     There  ore  graailee 

wbidi  contftin  only  felspar,  quartz,  and  mica ;  but  a  great  pa«  of 
them  contain  also  amphibole.  Tbe  syenites  contain,  beside  ortnoolase 
and  aniphibole,  almost  always  quartz  and  eome  mica  ;  but  the 
granites  have  more  quartz  than  the  syenites.  A  great  part  of  the 
rocks  of  this  group  may  behest  called  "  syenite -granite,"  ot  "granite- 
syenite,"  as  they  stand  in  composition  between  granite  and  syenite.  ' 
There  seems  to  be  no  difference  in  the  age  of  these  rocks,  as  there  are 
syenites  which  regularly  pass  into  graniles.  The  felspar  of  tbe  gran- 
ites and  syenites  is  partly  orthoclase,  partly  plagioclase,  which  shows 
its  triclinic  nature  by  the  fine  varicolored  laminated  structure,  when 
examined  under  the  microscope  with  polarized  light  The  quartz 
contains  always  a  gieat  nutober  of  "  fluid -cavities." 

2.  Next  in  order  follow  eedimentary  rocks,  which  are  probably  of 
either  Carhoni/erou*  or  Permian  age,  aa  they  contain  FutuliaiB,  which 
are  only  met  with  in  rocks  belonging  to  the  Carboniferous  imd  Per- 
mian periods.  Both  Professor  T.  Rupert  Jones  and  Profes«or  H.  B. 
Oeiiiitz,  to  whom  I  submitted  some  of  these  fosmts,  determined  tbem 
as  Fusidinai ;  but  the  Encrinital  stems  which  occur  in  our  Fusulina- 
limestone  have,  as  Professor  Geinitz  informed  me,  ayounger  appear- 
ance, reminding  him  of  the  Triasaic  Encrinw  Cataiauus,  Laube. 

This  oldest  sedimentary  formation  of  Sumatra  can  be  i^vided  into  i 
two  parts.  The  lower  portion  consists  of  clay-slntes,  with  auriferous 
quartz- veins,  marl-slates,  and  siliceoiis  schists  ;  the  upper  part  consists 
only  of  limestone,  with  some  small  beds  of  schists.  This  limestone 
contains  tbo  Fueulinm ;  but  these  fossils  also  occur  in  some  limestone 
beds  which  are  found  between  the  scbists  of  tho  lower  part  The 
schists  and  the  limestones  are  conformable  one  with  another.  They 
are  widely  spread  all  over  Sumatra,  and  form  groat  mountain-ranges 
in  the  Highlands;  and  are  often  accompauieJ  by  greenstones,  which 
will  bo  described  hereafter. 

3.  Quarh-porphyriea  are  probably  younger  than  tho  schist-  and 
limestone- foi-mation ;  some  quartz -porphyries,  at  least,  inclose  frag- 
ments of  schists;  but  it  is  not  yet  proved  that  all  the  quartz-por- 
phyries of  the  Highlands  are  of  the  same  ago. 

These  rocks  always  show,  when  examined  with  the  microscope,  an 
amorphous  and  so-called  "  felsitic  "  matrix,  which  is  not  resolved  by 
the  highest  magnifying  powers  into  crystalline  grains.  In  this  paste 
are  imbedded  crystals  and  grains  of  quartz  (with  many  "  fluid-cavi- 
ties "),  crystals  of  felspar  (orthoclflse  and  some  oligoolaae),  anil  some 
fragmentary,  green,  diebroitic  crystals,  wliich  belong  to  amphibole. 

4.  Greenslovea.  These  rocks,  as  staled  above,  are  often  associated 
with  tlie  older  schists  and  limestones,  which  are  dislocated  and  heaved 
up  by  them,  in  such  a  manner  that  portions  of  those  rocks  lie  some- 
times as  islands  upon  tho  greenstones.  Tbe  age  of  these  rocks  is  not 
exactly  known,  but  it  is  sufBciently  proved  that  their  eruption  took 
place  before  the  Tertiary  Period,  and  that  they  consequently  are  not 
to  he  confounded  with  tbe  green  stone -trachytes  of  Hungary.  Tte 
"umalraii  greenetonea  are  ^^ro^ieBw  roftVa,  ■jwrtlj  diabases,  partly 
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pyrozene-poTphyries.  They  have  a  daik-colonred  matrix,  in  which 
are  imbedded  ciyBtals  of  &mt- white  pla^odase,  green  pyroxene,  and 
magnetite.  The  magnetic  iron-ore  shows  partly  octahedral  forms 
and  large  crystals ;  and  it  occors  copiously  in  excessively  small  grains 
throughont  the  matrix,  which  is  coloured  dark  by  it ;  and  it  is  also 
fomid  inclosed  in  the  ciystals  of  pyroxene.  The  crystals  and  grains 
of  magnetite,  even  in  the  thinnest  microscopical  slices,  are  always 
opaque. 

5.  The  Tertiary  deposits,  whic^  foUow  next,  are  to  be  sub-divided 
into  four  groups. 

tf.  BrtetM*^  eoMfflowtertUet,  mrioBtt  (stndstones,  derived  from  decomposed  syenite, 
enmite,  and  qiiajtz-porphjrj),  and  warl-ilatea ;  the  last  contain  remains  of 
Fishes  and  Hantk    Tnis  lower  part  of  the  Tertiary  formation  is  called  the 
•  Breeew~9tage,  or  Breecia-^rw^,    The  thickness  differs  greatly  at  various  lo- 
calities. 

h,  SamUtofUMf  with  days  and  eoalt.  Some  Fishes  and  Plants.  The  thickness  of  this 

portion,  called  the  Sandstone-group,  varies  from  300  to  500  metres. 
.  c.  Marl-'tandtionea.  SheUs,  etc.  The  thickness  of  this  group  is  at  least  500  metres, 
and  at  some  places  probably  much  more. 

if.  Zimettone,  with  Corals,  Shells,  etc,  and  abounding  with  Orbitoides.   The  thick- 
ness  is  120  metres. 

5  a.  The  breccias  and  conglomerates^  contain  fragments  of  the 
several  older  rocks, — syenite,  granite,  quartz -porphyry,  Fusulina- 
limestone,  schists,  etc. 

The  arkose  is  a  sandstone  whose  substances  have  been  derived  from 
syenite,  and  partly  also  from  quartz-porphyry ;  the  beds  of  coarsest 
grain  contain  balls  of  hard  syenite ;  the  beds  of  finer  grain  alternate 
with  beds  of  the  most  remarkable  rock  of  this  group,  namely,  the 
marl-slate. 

These  marl-slates  have  proved  to  be  fossiliferous  at  several  locali- 
ties on  the  Rivers  Sipangy^  Malakoetan,  Sangkarewangy  Loera  Ge- 
dang,  and  in  the  neighbourhood  of  the  village  of  Telaweh ;  they 
contain  Fishes  and  Plants.  Between  the  marl-slates  occur  very  thin 
beds  of  hard  shale ;  and  it  is  remarkable  that  the  Fishes  are  always 
imbedded  at  the  bottom  of  the  marl-slates.  It  is  thus  probable  that 
the  Fishes  lived  in  the  water  which  deposited  the  shdes,  but  that 
the  great  quantity  of  lime  contained  in  the  water  which  deposited 
the  marl-slates  was  unfavourable  tO'  their  existence. 

The  marl-slate  was  deposited  in  the  neighbourhood  of  tlie  old 
coasts  as  a  littoral  deposit,  and  received  the  land  Plants  from  the 
coast. 

5  h.  The  sandstones  of  this  group  are  composed  of  qnartz-graius 
cemented  by  an  argillaceous  paste.  The  colour  is  yellowish  or  brown. 
This  is  the  Sumatran  Coal-formation.  The  beds  of  coal  vary  in  num- 
ber and  thickness  at  different  localities;  and  they  are  generally  n^-ar 
the  base  of  the  series.  The  Oemhilien  Coul-field  contains  about  200 
millions  of  tons  (1  ton =1000  kilograms).  In  tlio  nortlifrn  part  of 
this  coal-field,  seven  or  eight  coal-seams  are  known  ;  in  tho  soutb^-m 
portion,  the  so-called  Soengei-Doerian  Coal-fiekl,  there  are  only  tbroo 

^  The  pronunciation  of  the  Dutch  vowels  is  the  same  as  in  Germnn.  exempt  rlio  "^, 
which  is  the  German  u\  thus  the  Dutch  a  is  pronounced  as  l\\n  tA\')j.\\A\  u'wv  u\v.^"Ovjk!^ 
e  as  the  e  in  latt^^  the  i^ as  a  in  jwde,  the  i  as  c  in  he,  and  \.\\V3  oe  ^>^  oo  vw  v^<t(A. 
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uairs,  but  Iheae  are  of  consiJeraLle  ttiickn««s.     Tb.9  BeotioD  0 
E«rifa  ill  the  neiglibourkood  of  the  vUlage  of  Soengei-Doeriaa,  btaia    , 
bottom  to  top,  is : —  ' 

Ttudcnaw  IB  Mlitnt. 

BandtloDca  uid  clan M  (msHS  iw !««].    I 

J->y,(  [/««.r)  ™f-.««      „ 8 

Bandelotin  mi  dnp    SO 

8fra«a  {ntliUlt)  rail  ttsm    ...     ...        „.       3 

Cnrbuiuceooa  ahnlc,  *llh  foBil  ranuni ...  )  | 

&>nd>t<nu9t  and  elaji 15 

Third  [upptr)  nal-intm      3 

SnndstoiiM  and  canglomentea    2S0  {mora  or  Isv). 

Total  thicliiiMa  of  the  Kries  350  (more  m  let*). 

Total  of  coul    10 

Tlic  conl  from  tbe  Oembilien  ooal-fiold  is  the  best  in  the  Netherland 

Colonies;  and  indeed,  although  of  Tertiary  age,  is  among  the  very 

bestconls  known.     The  composition,  according  to  the  analysis  t^ 

Dr.  Vlaonderen,  at  Batavio,  ia : —  , 

C=  7«-80 


It  ia  u  blnck,  shining,  hislious,  and  conipnet  coal.  As  the  Soengci- 
Docrian  scams  are  very  regular,  they  oio  under  very  favourable 
circTi instances  for  working. 

The  cJnys  are  founit  immediately  beneath  tho  coal-Bcama.  The 
second  (middle)  coal-scnm  ia  covered  by  n  carbonaceous  slialc,  half  a 
metre  tliick,  which  is  remarkable  for  its  fossil  remains. — spines  and 
teclh  of  Fishes.  The  sandstones  contain  no  fossils  ;  the  coal  and  the 
clays  only  a  very  small  number  of  fossil  Plants. 

5  c.  In  the  marl -sandstone  series,  although  of  considerablo  thick- 
ness, (here  are  only  found  some  small  Operctilinm  and  little  Fish-teeth, 
in  the  neighbourhood  of  the  village  of  JIoara-Bodi,  and  some  frag- 
ments of  Shells,  belonging  to  Oslrea,  Pecten,  etc.,  which  prove  that  the 
inn  rl -sand stone  is  a  salt-water  deposit. 

5  tl.  The  upper  part  of  the  Tertiary  deposits,  which  are  known  in 
the  Sumatran  Highlands,  is  a  limestone  offering  a  great  variety  of  fos- 
sils,— Corals,  Echinids,  Gasteropoda,  and  Conchifers,  mostly  as  casts, 
and  A  great  many  specimens  of  an  Orhiloidm. 

Tiiese  four  groups  of  strain  generally  succeed  one  another  coiiform- 
ahly,  hut  in  some  localities  there  is  a  fault  between  6b  and  5c.  Tbe 
lower  series,  5a  and  56,  rest  uuconformably  on  the  Limeatone  with 

The  preliminary  defcrniinntion  of  some  fossils  from  these  beds,  for 
which  I  am  very  much  iiulebled  to  I'rof.  T.  Hupert  Jones,  Tork- 
'iwn,  Surrey;  I'lof.  H,  B.  Geiniix,  Tliiaijtti-,  «iid  Prof.  0.  Beer, 
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Zurich ;  allowed  that  the  four  series  or  groups  5a,  5h,  5cj  and  5d, 
belong  to  the  Tertiary,  and  probably  all  to  the  Eocene  period. 

Among  the  Fishes  from  5a  Prof.  G^initz  determined  Fistularia 
Kcenigi,  Agass.,  which  occurs  in  the  Eocene  schists  of  Glarus  (Swit- 
zerland) ;  some  other  Fishes  strongly  resemble  Osmerotdes  (subgen. 
Sardtnoides,  v.  d.  Marck)  nUcrocephalu^,  Miinst.,  and  Osm.  (Sard.) 
Monasterii,  from  the  "Plattenkalke"  of  Sendenhorst,  Westphalia, 
which  are  of  Senonian  age  (described  and  figured  by  v.  d.  Marck  in 
"  Palsdontographica,"  vol.  xi  pi.  6,  and  Agassiz,  "  Poissons  fossiles," 
vol.  V.  pi.  60(i). 

The  fossil  Plants  from  5a  have  a  more  Miocene  than  Eocene  cha- 
racter. Some  have  already  been  described  and  figured  by  Prof.  O. 
Heer  in  the  "  Abhandlungen  der  schweizerischen  palaontologischen 
Qesellschaft,"  vol.  i.  1874.  According  to  Prof.  Geinitz,  there  are 
some  Echinids  from  5d  nearly  related  to  Frenasler  Alpinus,  Desor 
(Desor,  "  Synopsis  des  Echinides  fossiles,"  1858,  p.  401,  and  W.  A. 
Ooster,  "  Petrifications  remarquables  des  Alpes  Suisses  ;  les  Echino- 
dermes,"p.  112),  and  to  Periaster  suhglohosus,  Desor  {op,  ctt.  p.  385) 
and  W.  A.  Ooster  (op.  ciL  p.  109),  both  from  Eocene  or  Nummu- 
litic  rocks  of  Switzerland.  It  is  therefore  highly  probable  that  5d 
belongs  to  the  Eocene  period.  As  5(2  is  the  upper  part  of  all  these  sedi- 
mentary deposits,  the  formations  5c,  56,  5af  must  be  of  Eocene  age 
too.  It  is  not  at  all  probable  that  5a  belongs  to  the  Upper  Cretaceous 
(Senonian)  formation,  firstly,  because  the  Senonian  character  of  some 
Fishes  from  5<i  is  easily  explained,  the  Marl -slates  being  the  oldest  of  all 
our  Eocene  deposits,  and  the  fossils  from  the  Senonian  **  Plattonkalke  " 
of  Sendenhorst,  although  older,  having  a  strong  resemblance  to  those 
from  Eocene  rocks  of  other  parts  of  Europe ;  secondly,  because  rocks 
of  Cretaceous  age  are  wanting  in  the  Highlands  of  Sumatra;  thirdly, 
because  the  Marl-slates  at  the  top  of  the  series  become  sandy,  and 
pass  into  the  coal-bearing  sandstones  of  56,  which  are  most  probably 
of  Tertiary  age ;  fourthly,  because  the  fossil  Plants  from  5a  have  a 
Tertiary,  and  even  more  of  a  Miocene  than  Eocene,  character. 

The  Eocene  formation  of  Sumatra  is  thus  represented  in  four  groups, 
or  dtagea.  That  of  Borneo,  according  to  my  investigations,  is  only  re- 
presented in  three  groups.  The  lowest  of  these  latter  contains  the 
coals ;  the  middle  part  consists  of  marls,  with  some  few  Numniulites 
{Nummulina  Pcngaronensis,  Verb.)  and  many  specimens  of  Orbitoides 
discus,  Kiitim.) ;  the  upper  part  is  a  nuramulitic  limestone  with 
millions  of  Nummulites  and  some  Orbitoides. 

Perhaps  the  coal-bearing  sandstones  of  Borneo  are  the  equivalent 
of  the  Sumatran  coal-bearing  formation  5b ;  the  Borneo  marls,  the 
equivalent  of  the  marl-sandstones  5c ;  and  the  nummulitic  liniostono 
of  Borneo  ma}""  be  the  equivalent  of  the  limestone  with  Orbitoides  Ctd ; 
in  which  case  the  equivalent  of  the  marl-slates  with  Fishes  would  be 
wanting  in  Borneo.  But  as  there  is  a  very  great  difference  between 
the  Eocene  fossils  from  Borneo  and  those  from  Sumatra,  this  can  only 
be  proved  by  a  careful  comparison  of  the  fossils.  Tliose  which  I 
gathered  at  Borneo  will  soon  be  described  by  Dr.  0.  Bottger,  Fnink- 
fort-on-the-Maine  ;  Dr.  von  Fritzsch,  Halle ;  and  Dr.  Ge^liir^FrAtvk. 
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£jrt-on-llie- Maine  ;  and  tLe  memoirs  will  appear  in  the  "  PalKOnio- 
graphica,"  {See  two  memoitB  of  mine,  on  the  geology  of  the  South- 
eastern  part  of  Borneo,  in  the  "  Jaarboek  voor  bet  Mynwezen  in 
Kederlnndsch  Ooet-lndie,"  Amsterdam,  1874  and  1875,  1  have 
formerly  described  the  Nummulites  of  the  Borneo  limestone  in  the 
"Neues  JahrbuohfurMinoralogie,  etc,  1871,  pages  1-14,  pl.i.ii.iiL) 

The  coal-bearing  auidstoiLes  of  the  south  coast  of  Bantam,  in  Java 
(not  those  in  the  interior  of  Bantam,  which  are  younger),  according 
to  Mr.  F.  Junghuhn's  deeoription  (Juoghuhn'a  "Java."  etc.,  Ger- 
man translation,  Leipzig,  1852,  part  iii.  pages  163-179).  are  covered 
first  by  luarl-stones  and  clays,  and  next  by  limestone,  which  contains 
Ifummulitea  more  to  the  east,  on  the  River  Eaao  (Junghuhn,  "Java," 
pnrt  iii.  pages  64,  87,  and  203) ;  and  Prof,  von  Hochstetter  confirms 
the  ocourreiiae  of  these  fossils  in  the  limestone  to  which  the  cavem 
of  Linggo-Manik  belongs  ("Novara-Keise;  Gteologie,"  ix.  page  HG}. 

It  seems  to  me  highly  probable  that  these  three  series  of  rocks  of 
Java  are  the  eqiiivalcot  of  the  1*00118  of  Borneo  described  above  ;  and 
that  thus  the  coals  of  Java  and  Borneo,  and  perhaps  those  of  Sanialn 
too,  belong  to  the  same  part  of  the  Eocene  paiiod.  In  order  to  avoid 
errors,  I  must  state  here  that  in  several  parts  of  the  Archipelago 
coal-beds  are  also  found  iu  rocks  which  are  younger  than  Eocene;  but 
^ese  coals  belong  to  the  brown  ooal,  and  are  always  much  inferior 

rib  quality  to  the  blaok  Eocene  ooak.  Theaa  hiowa  «oala  ara  found, 
1.  in  the  interior  of  Bantam  (Jftva),  in  th«  neighbouthood  of  the 
villa^-e  of  Bni^jong-Jllnnik  ;  2.  in  the  neighbourhcoc!  of  DoessM- 
Oirae,  iu  LnVfi  and  KaUoon  (liRiiliuel™,  Punmtr.i),  and  Tak-iulAH.- 
(Sumatra)  ;  and  3.  in  the  marls  of  the  Island  of  Nias, 

6.  The  Trachyllc  roels  of  Sumatra  are  all  younger  than  the  Eocene 
period ;  ihey  are  of  middle  and  late  Tertiary  age  {Miocene  and  Plio- 
cene); and  it  seems  that  this  is  the  case  in  Borneo  and  Java  also. 

ITiere  arc  two  different  groups  of  tradiylic  rocks ;  the  one,  probably 
the  older  of  the  two,  composes  mounlains  and  mountain -ranges,  with- 
out craters,  and  having  no  connexion  with  volcanos ;  the  other  com- 
prises the  tiMchytic  i-ocks  belonging  to  the  volcanos,  tliose  giants  of 
Sumatra  and  Java,  which  are  often  more  than  10,0tKI  feet  high. 

11ie  trachytes  of  the  first  class,  found  in  Sumatra  in  the  immediate 
neighbourhood  of  Padang  and  Sibogha,  and  at  several  other  local- 
ities, are  oligoclase -trachytes,  the  so-called  oHdeeitee  (Zirkel)  ;  they 
contain  no  sanidine,  but  esclusively  a  tricliuic  felspar,  either  with 
amphibola  (and  now  and  then  some  quartz  and  mica),  or  with 
pyroxene. 

Tliese  aiidesites  ai-e  widely  distributed  in  the  south-east  part  of 
Borneo,  where  they  have  dislocated  the  coal-bearing  rocks;  tbey  are 
known  too  in  Java. 

The  locks  composing  the  volcanos  of  Sumatra  are  of  various  kinds ; 
tliere  are  andesites,  trachytes  with  sanidine  and  oligoclase,  trachyte- 
liitchstones  (Trachytpechstoine,  with  sanidine  and  without  oligoclase) , 
olwidiaus,  and  pumice-stones.  The  volcanos  of  tlie  Highlands  of 
Padnng  are  named  : — the  Talang,  the  Singolaug,  the  Merapi,  the 
S:igo,  am]    the  Ophir,      The  Singalang  and  the  Merapi  are  about 
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10.000   feet  Mgb;  the   others  are   lower,   Imt  all  the   volcanoa 
Suuiatra  Burpnas  GOOO  feet.     The  volcanoa  of  Java  are  described  by 
Mr.  Jiingliulin  iu  hie  above-mentioned  work. 

Borneo  oontains  no  volcanos.  The  mountain  Eina-Baloe,  in  the 
norlhem  part  of  Borneo,  which  was  formerly  supposed  to  be  s 
Toloano,  is  composed  of  a  j^ranitic  rock. 

There  ore  two  lakes  in  the  Highlands  of  Fadang  which  owe  their 
origin  to  infnllings  of  volcanic  ground  on  a  very  large  acale. 

The  greatest  length  of  the  Lake  Singkorali  is  21.000  mflros.  tho 
grealeat  breadth  7700,  the  smallest  breadth  ^350,  and  the  oiroumfer- 
ence  63,000)  the  sarfaoe  is  2-Oi  square  geographical  miles.  The 
only  channel  which  oarries  off  the  water  of  thiv  lake  is  the  Oembilien 
Eiver,  which  is  afterwards  called  Kwanten,  and  finally  Indraglri.  aud 
has  its  mouth  on  the  east  coast  of  Sumatra.  The  Lake  Manindjoe 
is  16,t;00  metres  in  length,  the  greatest  breadth  is  8000,  tho  least 
breadth  3Go0  metres ;  the  oircumferenoe  is  48,9U0  m^res,  and  the  sur- 
face 1-81  square  geographical  miles  (1  geogr.  milo^'/n''  *^^  ^'*^  Equa- 
tor). The  water  of  this  lake  is  carried  off  by  the  Antokkan  Biver, 
which  has  its  mouth  not  far  from  Tikoe  on  the  west  ooaat. 

The  surface  of  these  two  lakes  is,  in  comparison  with  other  lakes  in 

Tolcatiic  districts,  a*  for  example  the  "  Maaro  "  of  tlio  Eifel,  very  oon- 

Biderable.      Tlie  surface  of  the  Lake  Singkorah  is  S3  times,  and 

■^  that  of  the  Lake  Msnindjoe  29  times  gre&ter  than  that  of  the  Lake 

of  Laach  (Laaoher  See)  in  the  Eifel. 

7,  Tiw  Ty.hn-imn  of  tho  ni^jlilamls  of  VnAang  is  ,1  rivcT-depoeit : 
mid  is  chiflly  comi>oseil  of  lufiiceous  conglnuicnifcs  and  sa  ml  stones. 
The  bods  ai'o  alwiiys  Iiorizontal,  and  conliiin  many  fragments  of 
trachytes.  These  aio  two  charactei's  by  which  the  DiluvinI  coDglom- 
erale^  are  easily  separated  from  the  congloni crates  of  Eocene  age. 
Tlie  PiluvL.d  beds  form  rivcr-tcrraces,  which  attain  aheigbt  of  twentj' 
to  thirty  nii'ilies  nlwve  the  alluvial  deposits. 

8.  Tlio  AUiirial  river- deposits  are  for  the  greater  part  trans- 
formed into  rice-fields  (.sawahs). 

In  the  Section  Fig.  2,  the  western  part  of  Stunatra  is  represented 
from  Padang,  on  the  west  coast,  to  the  village  of  Doeriau-Gudatig, 
near  the  frontier  of  tho  independent  districts.  The  eastern  part  of 
Simiatra,  from  Doerian-Gedang  to  the  east  coast,  is  not  given  iu  tho 
Section,  a.s  lliat  ))art  is  coiniM)sed  only  of  recent  deposits  of  (he  Uivers 
Bjambi,  Indi-agiri,  and  Kamiiar.  With  tho  exception  of  tlie  quartz- 
porphyry  (o)  and  tho  diluvium  {7),  all  the  aljovc- described  nicks  are 
reprL-sentod  in  the  Section.  The  four  groups  of  Eocene  deposits  ai-e 
generally  confonuahio  with  each  other,  but  unconformable  to  the  old 
Fusuliiia-limestonc;  but,  aa  was  stated  above,  in  some  localities  there 
is  a  fault  between  56  and  uc, 

II.— r/.c  Ishtad  of  Nla»  {Government  of  tho  West  Coast  of 
Stiniatra).     See  Fig.  3. 

This  island  is  situated  westward  of  Sumatra;  its  surface  is  about 
■BO  G^uaie  geogrnphical  miles.     It  is  chiefly  composed  of  marls,  clay- 
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marls,  clays,  and  very  fine-grained  sandstones,  partly  of  tufaceou 
nature.  It  is  most  probable  that  the  materials  of  the  greater  part  c 
these  rocks  were  derived  from  volcanic  rocks,  but  on  the  Island  o 
Nias  itself  no  such  rocks  occur. 

The  beds  of  marls,  clays,  etc.,  are  very  much  dislocated,  and  var 
much  in  direction  and  in  dip ;  they  are  seldom  horizontal.  They  hav 
a  bluish-grey  colour ;  and  are  probably  of  Miocene  age,  according  t 
Dr.  O.  Bottger,  to  whom  I  submitted  some  of  the  fossil  Conchifer 
and  Gktsteropods  from  these  marls. 

In  the  neighbourhood  of  Goonoeng-Sitolie,  the  chief  place  of  th 
island,  and  also  at  some  other  localities,  the  marls  are  covered  by  ai 
onconformable  limestone. 

It  is  remarkable  that  this  limestone,  probably  (from  its  discordan 
position)  of  late  Tertiary  age  (Pliocene  ?),  contains,  besides  indistinc 
fragments  of  Corals,  some  small  NummulinoB.  It  is  a  now  proof  tha 
this  genus  not  only  occurs  in  rocks  of  Eocene  age,  but  in  younger  rock 
too.  The  diameter  of  the  NummulincB  from  the  Nias  limestone  i 
three  millimetres,  the  thickness  1  to  1^  millim. ;  they  liave  eigh 
whorls,  about  150  chambers,  the  central  chamber  is  small ;  their  in 
temal  structure  resembles  very  much  that  of  the  Eocene,  N.  Pen 
garoneMia,  Verb.,  from  Borneo,  and  perhaps  they  are  a  small  variet; 
of  that  Nummnlito. 

Tte  position  of  the  difTerent  rocks  in  the  neighbourhood  of  Goeneng 
Sitoiie  is  shown  in  the  Section  Fig.  3. 

For  those  who  feel  interest  in  the  Geology  of  Sumatra,  I  add  ; 
list  of  the  principal  geological  papers  on  parts  of  that  Island. 

1.  F»  VdUntijn,    Oud  en  Nienw  Oost-lndien,  1724.    Sumatra,  in  vol.  t. 

2.  William  Maraden,    History  of  Sumatra,  3rd  edition.     London,  mil. 

8.  Malayan  Miscellanies  ;  pubiiHlicd  at  the  Suniatran  Mission  l^ress,  at  Bencoolon 
vol.  ii.  (1822)  contains  accounts  of  several  journeys. 

4.  Dr.  Jack.     On  the  Geology  of  Sumatra.     Transactions  of  the  Geol.  Societ] 

new  series,  vol.  i.  page  397. 

5.  Memoir  of  the  Life  and  Public  Sernces  of  Sir  Thomas  Stamford  Rafflen.    By  hi 

Widow.  London,  1830.  Particularly  in  the  Government  of  Java,  1811-18U 
and  of  Bencoolen  and  its  dependencies,  1817-1824. 

6.  Z.  Homer.    De  Batoe-eilanden.    Tijdschrift  voor  Nederlandsch  Indie.    Jaai 

gang  iii.  vol.  i.  p.  313-371. 

7.  X.  Homer.  Eeizcn  over  Sumatra.  Tijdschrift  van  het  Bataviaansch  Genootscha| 

vol.  X.  pp.  322-373. 

8.  S.  Mnllcr.    Gezigten  van  bergen,  kraters,  kusten  en  eilanden  van  Java,  Sumatr 

en  straat  Sunda.  Verhandelingen  over  de  natuurlijke  geschiedenis  dcr  nedei 
landsche  overzeesche  bezittingen,  door  de  leden  der  Natuurkundigo  Com 
missie.    Leyden,  1839-1844,  pp.  447-4C9  (with  plates). 

9.  F.  Junghuhn.    Die  Battalander  auf  Sumatra.     Berlin,  1847,  2  vols. 

10.  F.  Junghuhn.    Java  ^German  translation,  Leipzig,  1852),  vol.  i.  pp.  51,  70-72 

76-78,  99-106,  with  seven  sections  (topography  of  Sumatra) ;  vol.  ii.  pp.  808 
816  (volcanos  of  Sumatra). 

11.  Nieutcenhuizen  en  v,  Rosenberg.    Verslag  omtrcnt  heteiland  Nias.    Verhandelin 

gen  van  het  Bataviaansch  Genootschap,  vol.  xxx.  1863,  pp.  1-153. 

12.  W,  H.  de  Greve.     Het  Oembilienkolenvcld  in  de  Padangsche  Bovenlanden 

's  Gravcnhage,  1871. 

13.  R.  J).  M.  Verbeek.    In  the  "  Jaarboek  voor  het  Mijnwezen  in  Nederlandscl 

Ooet-Indie,"  vol.  iii.  and  iv.  1874  and  1875,  the  following  moraoirs : 
a.  Proliminar}'  report  on  the  Island  of  Xias. 
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J.  O.  Goodchitd^Qn  the  Origin  nf  Coums. 

t.  On  the  age  n(  tlie  Oetobilion  Cool-field. 

t.  Geologic^  doMriptioii  of  the  Oembiliea  Coal'fiold. 

4.  Oa  the  Geology  uf  the  Iskad  of  Niu,  with  soierul  mnpi  and  k 
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Fort  van  der  CapeUan,  West  Coast  of  Sumatra, 

March  lOti,  1875. 

n. — On  THE  Origin  of  Coums. 
By  J.  G.  GooDCBn-D,  F.Q.8,,  of  H.M.  Geological  Surrey. 

IN  my  paper  on  Glacial  Erosion  lately  laid  before  the  readers  of  tlie 
Oedl.  Mag.  (pp.  S23  and  356),  I  liare  endeavoured  to  pro^e 
that  the  origin  of  nearly  all  the  more  proininQnt  sarface  cbaraoter- 
istice  of  the  rook  scenery  in  the  Yorkshire  Dale  Distriot  admite  of  a 
simple  and  complete  explanation  by  the  theory  of  tlie  modification 
of  pre-existing  suboerially  eroded  surfaces  by  Glacial  Erosion.  At 
the  same  time  it  was  shown  that  the  character  of  many  of  the  phe- 
nomena is  entirely  opposed  to  any  theory  of  their  origin  by  meass 
of  Subaerial  Denudation  alone.  lu  the  present  communicatiou  it  is 
proposed  to  inquire  how  far  this  Glacial  Erosion  theory  may  be 
applied  to  explain  the  origin  of  the  deep,  semicircular  rcceasea  that 
are  commonly  found  in  all  well -glaciated  mountainous  districts,  and 
are  variouelj  known  by  the  names  of  Coums,  Corries,  or  Cirques. 

The  more  prominent  terraces  and  scars  whose  origin  was  disoussed 
in  the  paper  lust  referred  to  seem  to  occur  oaly  where  the  ice  moved 
in  the  direction  of  the  valley's  length :  where  the  ice  flowed  to  a 
gientoT  or  Josn  dep;rec  ncmse  the  vnlloy,  or.  in  oilier  worils.  wlii-ro 
tlio  ice  moved  across,  instead  of  along,  the  outcrops  of  the  beds, 
these  characteristic  scars  and  terraces  are  either  slightly  developed, 
or  else  are  wanting  altogether.  But  whatever  the  minor  inequalities 
of  the  slopes  of  tlie  \-fllleyB  may  he  like,  it  is  commonly  fo«nd  that 
there  is  a  striking  resemblance  in  form  between  tlie  contours  of  the 
surface  at  any  given  elevation  and  the  contours  for  a  considerable 
distance  both  above  and  below.  Where  the  side  of  the  valley  is 
convex  in  contour,  the  gradations  in  form  are  complete  between  the 
cun-es  of  largest  radius  near  the  bottom  of  the  valley,  and  the  more 
decidedly  i-oiiuded  contours  of  lesser  radius  that  are  found  in  greatest 
perfection  at  the  higher  parte  of  the  feature.  So,  too,  with  the 
slopes  that  present  concave  contours.  In  these  the  least  regular 
curves  are  nearly  always  found  near  the  base,  and  the  contours 
gradually  become  more  decidedly  concave  and  ot  larger  radius  as  the 
upper  limits  of  the  feature  are  approached ;  and,  as  a  rule,  it  is  also 
at  the  upper  limit  that  the  most  regular  curves  occur. 

Some  of  the  rock  surfaces  whose  form  I  have  before  endeavoured 
to  show  must  be  due  to  the  uneqiial  resistance  to  mechanical  erosion 
offered  by  beds  of  various  degrees  of  hardness  graduate,  by  insensible 
degrees  of  form,  from  surfaces  with  contours  that  are  nearly  straight, 
through  others  tiiat  are  more  or  less  concave,  into  semicireular  recesses 
that  remind  one  rather  of  gigantic  pot-holes  than  of  anything  else.  A 
very  beautiful  example  of  this  kind  occurs  at  the  head  of  Snaizholme 
Beck,  about  a  mile  to  the  south  of  Hawes,  in  Wensleydale.  Others 
of  BimihtT  but  loss  petfect.  foin[i;\  laa.^  be  found  in  the  neighbourhood. 
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In  all  snch  ioBtanoes  tbat  have  hitherto  oome  under  mj  notice,  both 
in  the  Dale  District  and  elsewhere,  there  are  certain  points  of  resem- 
blance common  to  alL    In  their  lower  parts,  many,  perhaps  nearly 
an,  hardly  differ  in  any  noticeable  req>ect  from  the  steeply  sloping 
head  of  an  ordinary  valley,  except  that  they  are,  perhaps,  of  some- 
what greater  width*    The  bottom  of  the  hollow  is  almost  invarial^ly 
occupied  by  a  stream,  of  which  a  part  is  often  so  much  enlarged 
as  to  form  a  tarn,  and  in  a  few  cases  the  tarn  can  be  shown  to  lie  in 
a  true  rock  basin.     Looking  upwards  at  the  higher  parts  of  the 
coum  from  the  position  of  the  tarn,  one  cannot  fail  to  be  struck  with 
the  sweeping  outline  of  the  walls  of  the  amphitheatre  as  these  are 
seen  against  the  sky.    In  many  instances  the  curve  is  so  regular,  and 
so  little  interrupted  by  stream  courses,  that  it  seems  rather  as  if  the 
shape  had  been  produced  by  artificial  means  than  by  purely  natural 
causes.     Viewed  from  the  sides,  at  a  higher  eleyation,  the  regularity 
of  the  curvature  is  quite  ss  obvious.     From  such  a  point,  too,  one 
can  see  how  markedly  the  valley-like  form  of  the  amphitheatre's 
lower  part  contrasts  with  the  sweeping  curves  of  the  parts  nearer 
the  top,  and  how  gradually  the  contours  change  in  form  from  one  ex- 
treme to  the  other.    Above  the  line  where  the  greatest  regularity  of 
form  is  observable  the  coum  frequently  terminates  somewhat  abruptly 
among  rock  features  that  do  not  present  any  striking  or  unusuid 
peculiarities.     In  nearly  all  cases  it  is  abundantly  manifest  about  all 
such  amphitheatric  recesses  that  they  are  slowly,  but  surely,  losing 
their  regularity  of  form  and  smoothness  of  outline.     Wherever  a 
spring  bursts  forth,  the  continuity  of  the  curves  is  more  or  less  in- 
terrupted, and  the  slopes  below  are  encumbered  with  the  rock  that 
has  been  thus  undermined ;  and  the  gully  formed  by  any  stream  that 
flows  downwards  from  the  edge  of  the  coum  is  quite  unlike  any  part 
of  the  smooth,  concave  surface  of  the  other  parts.    That  very  little 
denudation  has  taken  place  in  Post-Glacial  times  in  these  cauldron- 
like hollows  is  evidenced  by  the  presence,  high  up  on  the  sides  of 
the  hollows,  of  glacial  drift  that  in  a  few  cases  can  be  shown  to  date 
from  the  last  ice-sheet  period ;  moreover,  glacial  strisB  are  found  in 
a  few  instances  in  such  a  position  and  with  such  directions  that  it  is 
plainly  impossible  that  the  form  of  the  surface  can  have  undergone 
any  importiemt  modification  since  it  w£U3  left  by  the  great  ice-sheet — 
a  view  that  is  further  borne  out  by  the  general  freedom  of  the  drift 
surface  from  fallen  rock  fragments  from  above.     Indeed,  in  a  few 
instances  it  would  seem  as  if  so  much  of  the  old  weathered  part  of 
the  rock  was  removed  by  the  ice-sheet  that  subaerial  forces  have 
only  just  begun  to  produce  any  noticeable  effect  upon  the  sweeping 
outlines  of  the  surface.     It  may  be  true  that  in  the  case  of  many 
coums  these  remarks  do  not  apply ;  but  if  they  can  be  shown  to  be 
true  of  one  only,  it  proves  that  in  that  particular  instance  the  pecu- 
liarities  of    surface   configuration   have  been  produced    by   other 
agencies  than  those  now  at  work  upon  the  surface. 

Several  theories  have,  at  different  times,  been  advanced  to  account 
for  the  origin  of  these  singular  crater-shaped  hollows ;  but  hitherto 
no  thoroughly  satisfactory  explanation  has  been  ^ven.     V(\!iS6x<^ 
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they  occur  in  rocka  of  lolerably  uniform  litliological  ohamofer 
throughout  groat  IhicknesBes  of  strata,  tliere  does  not  seem  to  he 
much  difficulty  in  accepting  the  theory  that  attributes  their  origin 
to  the  combined  actiou  of  Bpriogs  and  meteoric  sgondes.  iJut 
where,  (iB  in  the  Loiver  Carboniferoua  rocka  of  the  north-west 
of  England,  we  find  thorn  just  as  perfect  in  form  in  a  series  of 
rapid  alternations  of  horizouta!  strata  Ihnt  have  very  different  mtea 
of  destructibility  under  any  kind  of  dtsintegmting  inflaonoe,  many 
difficulties  arise  which  plainly  show  that  this  theory  is  untenable. 
In  the  paper  referred  to  at  the  head  of  this  communicntion  it  has 
been  shown  that,  under  purely  subaerial  influences,  the  fonn  of 
the  surface  that  would  be  developed  out  of  any  suob  serica  of  rocks 
as  those  in  the  Dale  District  would  bo  in  many  respects  different 
from  what  wo  actually  find. 

Just  to  take  one  objection — all  the  springs  in  the  Dale  District 
tend  more  or  leas  to  break  out  along  certain  definite  Unee,  most 
freqoently  between  a  limestone  and  the  less  pervious  grit  or  sDJid' 
stone  that  it  lies  upon.  Hence,  the  tendency  of  springs,  aa  they 
art  rather  by  undermining  than  by  actual  erosion,  would  be  in 
nearly  all  cases  to  cot  back  the  beds  above  that  whereby  the  spring 
is  thrown  out.  As  a.  result,  the  lower  bed  would  soon  be  left  as 
a  slielf  projecting  beyond  the  outcrop  of  the  next  bed  above ; 
nnlesB  there  happaa  to  be  Bprtoge  bdow  wHch  imdennine  the 
impervious  bed  at  the  same  rate  aa  that  maintained  by  the  higher 
spi-iiiKS.  Even  in  that  cnso  (he  result  ivouM  so-.n  t:ik.?  the  f.-irm 
of  a  gully  or  ravine,  in  no  way  dillorLrit  from  nii  ordin;iry  \.iA 
of  a  stream ;  and  it  is  obvious  that  unless  springs  were  acting 
aiinultaueously  over  tlic  whole  surfncc— or,  what  amounts  to  the 
same  tbing,  unless  the  springs  aro  coiitinunlly  changing  their  point 
of  outburst  so  that  tlio  whole  rock  surface  is  nnirormly  acted 
upon — the  result  must  inevitably  present  a  jagged  and  irregular 
contour  at  nil  elevations  ;  which  is  a  form  of  surface  lolallj'  unlike 
almost  any  unmodified  part  of  a  single  coum  that  1  have  ever  seen. 
Again,  the  objections  brought  forward  against  the  subaerial  origin 
of  the  straight  lines  of  soar  in  the  Dale  District  apply  ecpially 
well  in  these  cases;  because  it  frequenfly  hajipens  that  the  more 
prominent  iixik  features  in  the  coums  cuuaist  of  the  kinds  of  rock 
that,  under  subaerial  influences,  tend  to  disappear  with  the  greatest 
rapidity,  while,  at  the  same  time,  they  are  tbe  rocks  that  are  best 
caiMiblo  of  withstanding  erosion  by  mechanical  means.  Besides 
these  objections  there  are  others  that  arc  set  forth  in  the  paper 
on  Glacial  Erosion.  I5ut  oven  if  these  objections  did  not  suffice 
to  show  the  nntenability  of  the  Spring  Theory,  the  existence  of  such 
one-sided  pot-hole-like  hollows  hi  rocks  of  very  different  litho- 
logical  character  and  lying  at  every  imaginable  angle  seems  to  shake 
one's  fnitli  in  any  of  the  theoriea  that  have  yet  been  proposed  to 
account  for  their  origin.  In  the  case  alluded  to,  which  is  alnng 
the  Cross  FqII  Escarpment  between  Melmerby  and  Ousby,  in 
Cumberland,  the  rocks  forming  the  coum  consist  of  highly  inclined 
and  contorted  Lower  Silurian  ■,  \,\i\cV. nvassia  of  vertical  and  highly 
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inclined  Carboniferous  conglomerates  belonging  to  the  Calciferoas 
Sandstone  Series;  and  varionsly  inclined  beds  of  Lower  Carboni- 
ferous rooks  of  the  ordinary  IhJe  District  type.  Tet  the  general 
r^ularity  of  form  and  the  uniformity  of  curvature  of  the  crater-like 
recess  that  all  the  rocks  have  been  ground  into  is  particularly 
striking  when  one  is  aware  of  the  nature  and  the  lie  of  the  rocks 
that  form  the  walls  of  the  amphitheatre.  This  instance  is  one  of 
many  others  in  the  neighbourhood,  all  of  which  are  remarkable  for 
their  sweeping  outlines  and  general  r^ularity  of  form. 

In  r^ard  to  the  position  of  these  coums  no  very  general  rule 
can  be  laid  down.  They  seem,  however,  to  occur  with  greatest 
frequency  in  the  neighbourhood  of  the  highest  ground,  especially 
where  there  is  much  diversity  in  the  directions  taken  by  the  larger 
valleys.  Not  a  few  coums  occur  at  the  heads  of  valleys,  of  which 
the  Snaizholme  Coum  may  be  taken  as  a  very  good  type.  They 
are,  however,  by  no  means  confined  to  such  situations,  but  ()cour 
almost  as  commonly  on  the  sides  of  valleys,  far  removed  from  the 
source  of  the  stream.  In  a  few  instances  such  recesses  are  found 
in  considerable  perfection  on  the  sides  of  a  main  valley  opposite 
the  point  where  this  is  joined  by  a  tributary  of  considerable  size. 
Gk)od  examples  of  such  are  to  be  found  in  the  Coum  wherein 
Bolton  Castle  in  Wensleydale  stands,  just  opposite  where  the  Yore 
valley  is  joined  by  the  large  branch  dales  of  Waldendale  and 
Bishopsdale;  at  Bampton  near  Shap,  where  the  valley  of  the 
Lowther  is  joined  by  the  Hawes  Water  valley ;  and  again  at 
Lowther  Park,  where  Heltondalo  and  the  Lowther  valley  join. 
Many  similar  cases  to  these  might  easily  be  pointed  out  if  there 
were  further  need  to  do  so.  In  some  of  these  instances  the  most 
regularly  curved  outlines  are  found  only  within  a  small  vertical 
extent  of  the  hollow  where  they  occur;  in  other  instances  the 
curvature  is  so  slight  that,  on  the  ground,  it  seems  almost  imper- 
ceptible ;  but  a  reference  to  the  beautiful  one-inch  maps  of  the 
Ordnance  Survey  shows  that  these  seemingly  unimportant  curves 
are  in  reality  but  parts  of  curved  surfaces  of  much  greater  extent, 
whose  real  nature  can  only  be  seen  by  looking  at  them  from  a 
considerable  distance,  from  which  point  the  curve  is  often  seen  to 
inclose  an  arc  of  sixty,  eighty,  or  even  a  greater  number  of 
degrees.  The  three  coums  referred  to  above  are  shaped  out  of 
a  series  of  alternations  of  hard  beds  with  others  comparatively  soft 
in  regard  to  their  capacity  to  resist  mechanical  erosion,  and  the 
rocks  they  occur  in  are  more  or  less  inclined  from  the  horizontal ; 
yet  the  resulting  terraces  in  each  case  are  equally  well  developed 
at  one  point  as  at  another.  In  the  case  of  the  Lowther  recesses  the 
rocks  and  their  terraced  outcrops  incline  inwards  towards  the  high 
ground ;  yet,  although  there  is  in  this  instance  a  combination  of 
circumstances  most  favourable  for  the  retention  of  rock  debris 
detached  by  subaerial  agencies,  hardly  a  fragment  of  any  of  the 
harder  rocks  is  to  be  found  loose  at  the  surface,  which  seems  as 
if  it  had  been  swept  clean  from  one  end  to  the  other ;  except  where 
a  thin  coating  of  drift  has  been  left  by  the  melUti^  oi  \Xv!^  SRfc-^*-*^^ 
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Similnr  remarks  npply  also  m  part  to  msDj  other  euch  receBses  in 
like  posi lions. 

Now,  as  an  orclmary  glacier  scoops,  neoefisarily,  only  in  a  downward 
and  outward  direction,  wo  ouglit  to  find,  if  the  theory  of  the  origin 
of  coums  by  means  of  glaciers  were  the  inie  theory,  that  oil  traces 
of  borijjontal  prominenoea  liaTe  been  ground  off  by  the  ice ;  and,  in 
place  of  terraccB  extending  at  right  angles  to  the  ]Mth  the  ice  must 
have  taken,  we  ought  to  find  wbatever  furrows  tlie  ice  left,  ia,  or 
nearly  in,  Ihe  lino  of  motion  of  each  part  of  the  bottom  of  the  glacier. 
Yet,  it  is  a  well-known  fact  that  where  the  rocka  that  form  the  coum 
oonsist  of  a  nearly  lioriEontal  aet  of  alternations  of  beds  of  diSerent 
Agrees  of  hardness,  eat^h  separate  hard  bed  forms  an  amphitbeatric 
■ihelf  or  ten-ace,  which  is  aoparated  from  those  above  and  below  it  by  a 
horizontal  interval,  often  of  consiilorable  eitent ;  so  that  the  general 
effect  resembles,  on  a  gigantic  scale,  the  tiers  of  seats  in  a  great 
amphitheatre.  This  is  especially  noticeable  in  the  case  of  many  of 
the  cirques  in  the  Jura,  some  instances  of  which  have  been  mentioned 
by  the  llev.  T.  G.  Bonney  in  bis  paper  on  the  origin  of  Cinjucs.  It 
is  clearly  impossible  thai  any  such  ledges  of  rock  can  be  due  to  the 
erosive  power  of  ice  acting  vertically ;  and  therefore,  as  -very  perfect 
coums  exist  to  which  the  theory  of  glacier  erosion  will  clearly  not 
u)ply,   we  are  forced  to  conclude  with   Mr.    Bonney  that  simple 

1^  abKMTt  have  had  little,  if  tliey  have  bad  anything,  to  do  with  the 
formation  of  the  grenter  number  of  the  coums.  either  here,  or  on 
the  Continent. 

There  arc  some  other  and  perhaps  not  less  weighty  objections 
against  the  glacier  origin  of  coums.  It  baa  been  before  re- 
marked that  tbo  greatest  regularity  of  form  is  often  to  be  found 
only  near  the  higher  parts  of  tbo  recess ;  while,  in  Ibeir  lower  parts, 
many  of  the  coums  do  not  differ  very  much  from  the  higher  parts  of 
ordinarv  valleys,  except  that  in  a  few  cases  ihey  are  flatter,  or  rather 
wider  tban  ono  usually  finds  ihe  head  of  a  similar  valley  where  no 
coum  exists ;  and  that  rock  basins  on  a  small  scale  often  occur  at  the 
foot  of  the  steeper  slopes.  It  seems  (juito  clear  that  if  the  coums  are 
due  to  the  scooping  out  of  a  valley  head  by  the  long-continued  actiou 
of  a  small  glacier,  the  greatest  amount  of  erosive  force  must  have 
been  exi-rtcd  in  those  parts  of  the  coum  that  bad  the  greatest  over- 
burden of  ice — iu  the  higher  parts,  where  the  neve  was  barilly 
Bufficiently  consolidated  to  deserve  the  name  of  ice  at  all,  the  amount 
of  BRisivc  force  exerted  must  bo  very  small  indeed.  Yet  the  lower 
parts  aro  those  that,  in  many  instances,  do  not  difter  very  much  fi-om 
ordinary  valiey  heads  ;  while  at  the  higher  jiarts,  whore  the  glacier 
ice  can  have  exerteil  little  or  no  erosive  power,  Iho  configuration  of 
the  surface  plainly  shows  that  the  erosive  agents  have  acted  with  the 
greatest  effect.  Again,  where  tiera  of  rock  ledges  occur  one  behind 
another,  as  they  do  iu  some  of  the  English  coums,  and  more  strikingly 
in  those  of  Switzerland,  it  is  also  obvious  that  the  coums  cannot  be 
due  to  the  undermining  of  the  higher  rooks  by  a  glacier  that  was 
grinding  away  the  soft  beds  at  the  lower  part  of  the  recess.     Such 

^•ofioD,  whore  the  rock  is  o?  a  Mw^tm.  \\\.WVa5Jftal  character,  might 
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gyre  rise  to  &  radeh-  semicinslir  boQow  widi  rfgigp  cm^sy  w^iJU  : 
but  it  is  quite  imponible  ihit  iLi&.  or  «dt  odwr  i^frtuW^  iK'ting 
force  oould  ercr  gire  rise  to  tien  of  lock  sbdT^K  wiih  tlie  iinbi\>Wii 
sweeping  corres  tkst  acnallT  oocnr.  Laahr.  manj,  peiluips  tli« 
greater  number  of  comns  oemr  in  hk-Ii  atmrions  th*t«  if  tbev  hdkl 
ever  been  tenanted  br  a  glaner,  iliis.  in  oonseqiieiice  of  the  nearness  of 
.  the  hollow  to  the  snow-dteddii^  line,  mnst  laiel j  hare  exerted  much 
pressure  upon  its  bed ;  eren  sii;^>o6ing  that»  in  sodi  a  situation,  the 
neve  was  snfficientlj  oonaolidated  to  take  on  the  properties  of  ice  in 
any  form.  If,  then,  peifect  oomns  exist  wheie,  under  glacier  con- 
ditions, there  conld  ht^dlj  hsTe  been  sufficient  pressaie  to  consolidate 
the  neye  in  the  bottom  of  the  ooom  into  ioe,  moch  less  near  its  upper 
margin,  it  seems  dearly  impossible  that  an  ordinary  glacier,  or, 
indeed,  ioe  in  any  form  moring  in  the  way  that  a  glacier  does,  could 
give  rise  to  the  crater-like  recesses  whose  origin  is  here  discussed. 

The  widely  different  eleTations  that  adjoining  eoums  are  found  at, 
and  the  entire  absence  of  any  marks  of  erosion  in  their  neighbour- 
hood that  can  clearly  be  shown  to  be  the  work  of  the  sea,  are  objec- 
tions of  snffident  weight  to  oonvinoe  most  field  geologists  that  very 
few  indeed  of  these  pot-hole-like  hollows  have  reoeived  their  present 
form  by  marine  action. 

All  who  haye  followed  Professor  Eamsay  in  collecting  facts  relat- 
ing to  Glacial  Erosion  have  remarked  upon  the  association  of  well- 
glaciated  rock  surfaces  with  coums  and  rook  basins ;  and»  probably, 
they  have  all  felt  more  or  less  convinced  that  this  association  is 
something  more  than  accidental.  The  close  resemblance  of  many  of 
the  coums  to  gigantic  pot-holes,  such  as,  on  a  small  scale,  a  mountain 
torrent  drills  in  its  bed,  seems  to  point  to  some  analogy  in  their 
modes  of  formation;  and  this  view  is  considerably  strengthened 
when  it  is  found  that  the  position  of  not  a  few  of  the  oounis  bears 
the  same  relation  to  the  direction,  position,  and  relative  sizes  of  the 
adjoining  valleys  that  the  position  of  their  smaller  analogues  do  with 
regard  to  the  direction,  position,  and  relative  sizes  of  the  rook 
channels  that  cause  the  eddies  in  a  river. 

In  the  paper  on  Glacial  Erosion  an  attempt  has  been  made  to 
prove  that  all  the  minor  features  of  the  scenery  in  the  north- wtmtorn 
part  of  the  Bale  District  are  due  to  mechanical  erosion  })y  land  ico, 
which  in  all  probability  rose  to  a  level  of  at  least  2400  foot  above 
the  sea,  and  may  have  had  a  greater  thickness  oven  than  that.  It 
was  pointed  out  that  the  erosive  powers  had  acted  uncHiually  upon 
the  beds  in  proportion  to  their  relative  powers  of  resiKtfinoo  to 
mechanical  erosion ;  and  also  that  in  some  cases  it  is  nlinoHi  (lortnin 
that  a  considerable  thickness  of  rock  must  have  been  roinovr-d  by 
the  ice  in  this  way.  The  eroding  agent  followed  the  pnj-^hwjial 
configuration  of  the  surface,  removing  much  of  the  wuatliorod  p/irt 
of  the  rock,  and  replacing  the  notched  and  irregular  w^-fitlinn'rl  Hur- 
face,  and  the  talus-covered  slopes,  by  unl>rok(!n  and  HWfi^ping  lirn^M 
of  scar,  terraces  of  un weathered  rock,  and  hIojwm  cohUA  with  littlo 
other  superficial  accumulations  than  the  drift  inatt.';r  tlmt  ho'J  onw 
been  dispersed  throughout  the  entire  thickuvsaH  ot  \\\^  V  a\-^\«9k{v 
that  particular  spot 
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Those  who  have  read  the  paper  tbonghtfully  will  at  least  i 
that  if  the  ioe-eh«et  really  acootnplUbed  as  much  denudation  as  ii 
therein  claimed  a§  its  work,  the  very  nature  of  the  agent  would  lead 
U8  to  expect  reeiUlB  different  in  many  important  respecte  from  those 
aocomplished  by  purely  subaerial  means.  Unlike  a  rivor,  wbioEi 
oaa  transport  the  rocky  material  it  has  removed  only  along  some 
part  or  other  of  ita  bed,  much  of  the  debris  detached  from  the  old 
pre-glacially  weathered  and  shattered  rock  surface  by  the  ice  that 
waa  slowly  moving  over  it  gradually  workeil  ita  way  into  the  body 
of  (he  ioo;  where,  being  praclically  unaffected  by  the  force  of  gravity, 
it  quietly  floated  away  in  the  higher  and  swilter  flowing  strata  of 
the  ice,  towards  the  outer  raargin  of  the  ice-sheet,  leaving  compara- 
tively little  detritus  between  the  sole  of  the  ice-sheet  and  the  rock 
surfncc.  A  little  consideration  will  convince  any  one  that  an  agent 
acting  in  this  manner  would  erode  as  freely  at  an  elevation  lower 
than  the  rock  surface  a  little  further  down  tbo  valley — in  other 
words,  in  a  rock  basin — as  at  any  other  part  of  ita  bed  ;  because,  u 
faat  as  the  detritus  was  removed  from  liie  rotk,  it  tended  more  or 
leaa  to  work  upwards  into  the  body  of  the  ice,  where  the  mors 
quickly  flowing  strata  would  soon  remove  it  seawards.  In  the  case 
of  a  river  the  force  of  gravity  comes  more  strongly  inio  play,  so 
that,  except  in  a  pot-bolo,  when  onoe  a  largo  stone  gets  much  below 
the  general  level  of  the  bed  of  the  river,  Uiere  it  nmat  lie,  unlil  I 
some  accident  brings  it  again  to  the  level  of  the  river's  bed. 

Sh:  CtM'h  tliecry  of  tbo  "  rhvsk.il  Guiso  of  the  5t.-.tion  of 
Glaciers,"  published  in  tbo  Phil.  Mag.  for  March,  1869.  enables  ua 
to  understand  how  ice,  whilst  possessing  many  of  tbo  properties  of 
a  fluid,  may  yet  at  the  same  time  behave  in  many  respects  as  a  semi- 
solid. A  pro[)er  ajiprociation  of  Mr.  CioU's  theory  ;  of  the  theory 
put  forward  in  the  first  instance  by  J.  D.  Forbes,  and  since  extended 
by  5Ir.  James  Geikio,  on  the  up-traveiling  of  hnulders ;'  and  of  the 
actual  thickness  that  it  can  easily  be  shown  that  the  ico  really  had ; 
is,  1  Ibiiik,  all  that  is  necessary  to  convince  the  most  sceptical  tbnt 
the  theory  of  the  origin  of  rock  basins  by  glacial  erosion  is  the  only 
theory  that  really  accords  with  the  facts.  In  all  iirobability  the 
greatly  diminished  rate  of  flow  of  the  lower  strata  of  the  ice  as 
compared  with  the  flow  of  tbo  strata  near  the  surface,  is  quite  com- 
pensated, so  far  as  the  erosive  power  of  the  ice  is  conccnied,  by  the 
euormoiisly  increase"!  pressure.  Hence  it  is  far  from  unlikely  that 
the  actiuil  amount  of  erosion  accomplished  by  the  bottom  ice  may 
not  be  far  short  of,  if  it  docs  not  equal,  or  oven  exceed,  the  amount 
of  erosion  effected  hy  the  coniparatively  swifl-fluwing  ico  of  the 
higher  parts  of  a  glacier's  sides. 

Ill  order  to  rightly  undei-stand  the  theory  that  I  have  elscwhers 
given'  to  account  for  the  origin  of  coums,  it  will  be  well  to  sum- 
marize a  little  of  the  evidence  relating  to  tho  behaviour  of  a  thick 
mass  of  land  ico  in  motion  that  can  be  gathered  from  the  sonrces  at 

■f  Erratics  at  Hiphcr  I.rvili  Ih.m  tlic  Kock  SIiissct  froio 
;fn  (icrin-il,  Trnna.  Geul.  S.ic.  (IkHKOiv,  vol.  iv.  pt.  3,  p.  235. 
Gco\.  Soc.  iui  ¥eb,  WTa  tjiiad,  iltL  Juno,  ISIA). 
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present  open  to  us.  As,  in  the  present  state  of  scienoe,  we  have  no 
means  of  discovering  what  is  actually  taking  place  in  and  beneath 
the  ice  of  a  great  continental  mass  like  that  of  the  ice-sheet  of 
Greenland,  we  are  compelled  tp  rely  upon  Che  data  supplied  by  the 
glaciate  rock  surfaces  left  by  the  ice  of  the  European  Ice-sheet 
Period,  and  .to  supplement  these  by  the  data,  less  satisfactory  in 
some  respects,  that  are  afforded  by  the  puny  descendants  of  the  Ice- 
sheet  of  Mid  and  Northern  Europe.  Even  in  the  Arctic  regions  we 
should  hardly  expect  to  meet  with  ice  in  a  state  precisely  similar  to 
what  obtained  during  the  Ice-sheet  Period  in  England.  Wherever 
perennial  ice  has  lingered  from  the  Glacial  Period  to  the  present 
day,  the  erosion  of  the  old  weathered  surface  by  the  ice  must  be 
greater  in  proportion  to  the  length  of  time  that  has  elapsed  since 
the  last  traces  of  the  Ice-sheet  left  these  parts.  When  the  Ice-sheet 
left  the  North  of  England,  it  is  highly  probable  that  there  was  much 
weathered  rock  left  to  furnish  the  materials  for  more  drift ;  but  in 
the  glacier  regions  of  the  present  day  the  ice  has  accomplished  much 
more,  and  there  is  probably  little  else  than  perfectly  sound  rock  left 
for  the  ice  to  erode. 

When  we  examine  any  large  extent  of  nearly  fiat  glaciated 
surface  lying  near  the  bottom  of  a  deep  valley,  we  usually  find 
that  most  of  the  strisB  run  for  considerable  distances  without  any 
great  deviation  and  without  interruption,  and  that  the  larger 
grooves,  even  those  of  an  inch  or  more  in  width,  are  ploughed  out 
in  lines  paralled  to  those  of  the  finer  scratches  around.  As  a  rule, 
these  larger  grooves  bear  no  necessary  relation  to  any  structural 
planes  in  the  rock,  and  they  bear  every  appearance  of  having  been 
pToduoed  at  one  operation  by  the  steady  grinding  of  the  rock  by 
the  slow  onward  movement  of  the  sole  of  the  Ice-sheet  armed  with 
bigger  stones  than  those  that  produced  the  adjacent  finer  scratches. 
As  scratches  of  this  character  occur  along  the  whole  length  of  the 
bottoms  of  valleys,  right  up  to  the  source,  we  need  no  other  evidence 
to  convince  us  that  the  very  lowest  strata  of  the  old  glaciers  were 
impelled  forward  as  well  as  the  higher  strata  were ;  and  that,  even 
at  a  considerable  depth  from  the  surface,  grooves  of  large  size  could 
be  made  at  one  operation,  although  the  absolute  rate  of  flow  of  the 
sole  of  the  Ice-sheet  may  have  been  so  slow  as  to  be  almost  imper- 
ceptible if  it  could  have  been  tried  by  any  of  our  most  carefully 
constructed  modem  instruments.  When  it  is  remembered  that 
a  sheet  of  ice  ''  1000  feet  in  thickness  has  a  pressure  on  its  rocky 
bed  equal  to  about  25  tons  on  the  square  foot,"^  and  that  the  actu^ 
thickness  of  the  ice  in  the  Yorkshire  Dale  District  equalled,  and 
in  places  exceeded  1500  feet,  the  amount  of  erosion  accomplished 
during  the  whole  of  the  Glacial  Period  may  have  been  something  con- 
siderable. It  is  a  very  noteworthy  point  that  where  a  large  branch 
valley  joins  the  main  valley,  the  main  valley  strije  are  more  or  less 
deflected  from  their  general  parallelism  with  the  larger  contours 
of  the  part  where  they  occur ;  and,  what  is  of  still  greater  impor- 

*  J.  Croll,  On  Geological  Time  and  the  Probable  Date  of  the  Glacial  ajasi  ^V^ 
Upper  Miocene  Period,  Phil.  Mag.  Not.  1868, 
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tanoa,  Mr.  Ward  bas  lately  poinled  out  before  tho  Geological  Sodety 
tbat  in  come  of  tbo  Cu"il)erlanil  Lake  Basins  tho  lines  of  greal«bt 
depth  are  deflected  in  the  same  maimer  off  the  mouth  of  a  great 
branch  valley  to  such  an  extent  that  they  run  well  in  towards 
the  shore  of  the  lake  opiioaite  the  mouth  of  the  tributary.  Tuniiag 
to  the  facta  obtained  from  a  study  of  the  bohavioiir  of  the  Swiss 
gtaciera,  we  find  that  where  two  glaciers  unite  at  a  coueiderahle 
angle,  the  surface  moraines  of  the  more  powerfully  flowing  glacier 
are  impelled  right  acroea  the  path  of  the  amoller  glacier,  in  a  few 
inetances  nearly  to  the  opiwsite  bank.  Besidea  this,  where  the 
valley  that  a  glacier  flows  in  has  many  bends,  the  line  of  swiftett 
motion  crosses  the  centre  line  of  the  glacier  at  each  point  of  con- 
trary flexure,  exactly  as  the  tiae  of  swiftest  flow  of  a  river  does 
under  eimiliir  ciroumatanoea. 

Taking  these  facta  into  oonsiile ration,  it  will  be  seen  that,  inde- 
pendently of  any  theory  whatever,  wa  can  feel  a  tolerable  amoont 
of  certainty  that  force  cau  be  Irfinsmitted  horizontally  for  oonsider- 
able  distances  through  ice;  and  tbo  facts  obtained  from  the  glaciated 
BUi-fncea  seem  to  prove  that  force  can  be  tranamitted  a  considerable 
distance  through  ice,  not  only  in  a  horizontal  direction,  but  also 
to  some  extent  in  a  direction  approaching  tiie  vertical.  It  seems 
otherwise  impossible  to  explain  the  occurrence  of  the  phenomena 
referred  to  ataore  accept  os  a  Bnppoaidon  of  thia  kind.  Hiooe  who  I 
aocept  Mr.  Croll'a  theory  of  glacier  motion  will  at  once  percmve 
tbiit  these  results  .ire  prerisely  such  as  might  have  been  espccted. 

Ju  rogartl  to  the  cjviniiliij'  of  rock  removed  in  this  way  L,v  the  ice 
from  the  bottoms  of  the  valleys,  we  have  as  yet  no  trustworthy 
evidence  ;  but  there  is  every  reason  for  believing  that  the  quantity 
of  rock  ground  away  from  the  lower  parts  of  the  valley's  sides  was 
something  corisidernblc,  hence  it  may  be  safely  inferred  that  the 
valleys  were  also  deepened  in  the  same  proportion.  To  repeat  what 
was  stated  above — the  ice  certainly  removed  all  traces  of  the  pre- 
glacially  weathered  part  of  the  rock  from  the  lower  ground,  and  in 
doing  so,  while  in  the  main  it  followed  the  configuration  of  the 
surface  left  by  subaerial  agencies  in  pre-glacial  times,  it  carved  the 
rock  surface  into  forms  different  in  many  respects  from  those  re- 
sulting from  subaerial  action  alone,  and  bearing  characteristics  such 
as  can  be  impressed  by  the  agency  only  of  land  ice  in  motion. 

If,  then,  there  is  no  alternative  but  to  refer  the  origin  of  the 
straight  lines  of  soar  in  the  Yorkshire  Dale  District  to  glacial  erosion, 
it  seems  to  follow  that  all  the  accompanying  forms  of  the  surface 
that  they  are  associated  with,  and  that  they  pass  into  by  insensible 
gradations  of  form,  must  have  originated  in  the  same  manner.  If 
the  sliglillj-  concave  surfaces  of  the  valley  sides  arc  due  to  the  slovf 
grinding  nf  the  stone-shod  ice-sheet  moving  horizontally  in  a  slightly 
curvilinear  direction  through  long  periods  of  time,  the  more  deeply 
concave  recesaes  that  they  giaduated  into,  and  that  occur  with  thani, 
have  assuredly  originated  in  the  same  way.  Tlie  only  difference  ia 
the  two  eslreme  cases  would  be,  that  in  tho  case  of  the  shallower 
coum  local  circumstances  di<\  not  tend  to  deflect  the  ice  much  oat  of 
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its  normal  direction ;  in  the  other,  local  circnmstanoes,  which  in 
many  cases  may  haye  remained  constant  thronghout  the  whole  period 
of  the  loe-sheet,  caused  the  ice  to  moTO  in  a  direction  more  decidedly 
curvilinear,  so  that  in  the  end  the  rock  surface  was  ground  into  its 
present  form. 

If  it  be  conceded  that  force  can  be  transmitted  considerable  distances 
in  any  direction  through  ice,  the  anal(^  of  a  glacier  with  a  river  is 
complete  in  nearly  every  respect.  We  may,  therefore,  venture  to  specu- 
late upon  the  existence  in  the  great  ice-sheet  of  phenomena  parallel 
to  any  that  are  known  to  occur  in  rivers.  If  we  examine  a  shallow 
river  about  the  point  where  it  is  joined  by  a  tributary  of  considerable 
size,  we  usually  find  that  the  shingle  on  the  bank  of  Uie  larger  stream 
opposite  the  point  where  it  is  joined  by  its  affluent  is  swept  away  by 
the  conjoined  currents,  so  as  to  leave  a  kind  of  bay  with  a  regularly 
carved  outline,  which  varies  in  form  and  position  with  the  relative 
directions  and  intensities  of  the  two  currents  to  whose  joint  action 
the  deflection  of  the  stream  is  due.  Compare  this  with  what  occurs 
on  a  larger  scale  in  rock  masses :  where  the  larger  ice-filled  valleys 
were  joined  by  powerful  tributaries,  the  bank  opposite  the  point 
of  junction  is  ground  into  a  bay  of  exactly  the  same  form  as  that 
swept  out  of  the  shingle  by  rivers  of  the  same  relative  volumes  under 
like  circumstances.  The  stone-shod  ice  of  the  main  stream  was 
impelled  by  that  of  the  tributary  against  the  bank  opposite  the  point 
of  confluence,  and  the  combined  effect  of  the  two  currents  caused  the 
ice  to  move  in  a  more  or  less  curvilinear  direction,  until  it  gradually 
merged  into  the  direction  of  the  main  valley,  a  long  way  farther 
down  the  stream.  The  Bolton  Castle  Coum  is  an  excellent  instance 
of  this  kind.  The  ice  of  the  main  valley,  throughout  perhaps  the 
greater  part  of  the  ice-sheet  period,  was  kept  pressed  against  its  north 
bank  by  the  two  powerful  tributaries  that  came  down  Waldendale 
and  Bishopsdale,  whereby  the  conjoined  streams  were  compelled  to 
move  slowly  in  a  curve  until  they  flowed  again  into  the  normal 
direction  farther  down  Wcnsleydale.  As  the  conditions  that  gave 
rise  to  the  curvilinear  motion  remained  constant  throughout  the 
whole  of  the  glacial  period,  while  the  ice  maintained  not  less  than  a 
certain  thickness,  it  is  quite  possible  that  the  result  may  be  due,  in 
this  case,  as  in  many  others,  to  the  long-continued  action  of  com- 
paratively feebly  acting  causes  bringing  about  results  that  seem  at 
first  sight  to  require  more  energetic  action  than  that  which  it  is  here 
supposed  gave*  them  their  present  form. 

If  we  take  the  case  of  a  powerful  stream  that  is  joined  by  a  much 
smaller  affluent— so  small  that  its  current  produces  no  appreciable 
effect  upon  that  of  the  main  stream — it  will  be  noticed  that  it  very 
often  happens  at  the  point  of  junction  that  a  kind  of  tangential  actioi\ 
is  set  up  by  the  two  forces,  so  that  part  of  the  smaller  stream  is  ponded 
back  into  its  own  channel  and  is  compelled  to  move  in  a  complete 
circle — backwards  towards  the  head  of  the  tributary,  then  round 
against  the  upper  bank  at  the  point  of  junction,  and  finally  round 
into  the  direction  of  the  main  stream — before  it  can  escape  from  Uf^  ^ 
own  channel.     As  a  consequence,  the  shingle  \a  oll^u  ^^^^\.  vn^'^'W 
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so  as  to  leave  a  hay  similar  in  form  to  tliut  of  tbe  eddy  abow. 
Many  ooiims  oocur  in  North-Weatem  England  whose  origia  is 
capable  of  etplanatiun  in  tiie  nooet  complete  and  satisfactory  manner 
by  supposing  that  the  greater  ico-strearas  behaved  to  their  triboLariea 
in  the  Bnnie  way  that  a  strongly- flowing  river  does  to  the  weaker 
tributaries  that  it  is  joined  by.  Por  instance,  the  ice  of  some  of  tbe 
email  valleys  coming  down  from  the  Gross  Fell  Escarpment  into  the 
Eden  Valley,  must,  ou  iDoeting  with  the  powerful  stream  that  swept 
up  the  valley  fi'om  the  south-weet  of  Scotland  over  Stainmoor  to  the 
North  Sea,  have  been  affected  by  a  kind  of  tangential  aotioti,  so  that 
much  of  the  tributary  ice  at  high  levels  was  compelled  to  move 
backwards  in  a  rudely  circular  direction  until  it  merged  into  the 
direction  of  the  main  stream.  As  a  ooneequenoe,  we  find  that  on 
nearly  every  one  of  those  tributaries  some  of  the  higher  lying  scars, 
where  the  currents  were  freest  to  move,  are  ground  into  crater-liko 
recesses  that,  when  viewed  from  a  <listanoe,  remind  one  of  nothing 
HO  much  OS  of  gigastio  pot-holes  that  have  bad  one  side  cut  away. 

Where  a  stream  flows  over  a  i-ook  that  is  much  fissured,  so  tiiat  a 
great  diversity  of  directions  is  imparted  to  the  lower  currents  of  the 
strenm,  we  find  that  the  whirling  motion  thus  praduoed  has  caused 
the  rock  to  be  drilled  into  numerous  pot-boles,  which  vary  in  shape, 
position,  and  size,  with  the  rapidity  of  the  stream,  the  nature  of  the 
rock,  and  the  directioa  of  the  larger  fissures.  The  reeemblanoe  be- 
tween the  valleys  and  coums  of  a  mountainous  district,  as  they  are 
si>,->n  nn  ,t  good  hill-sjiudfd  map,  to  the  wider  joint  tissurus  nnd  pcf- 
holea  seen  in  a  river's  bed,  strongly  inclines  one  to  the  opinion  that 
the  analogy  bttween  them  is  complete  in  nearly  e\ery  respect  but 
that  of  Mze  In  the  one  case  the  [>ot  holes  m  the  nver  s  bed  are  due 
to  the  eddies  aiuted  by  the  variously  directed  minor  currents  result- 
ing from  the  inequalities  of  the  nver  s  bed  in  the  other  the  coums 
seem  ti  be  due  to  the  much  larger  eddies  ciusel  by  the  variously 
directed  iillej  stieams  in  the  gieat  ri\er  or  rather  sea  of  ice  that 
onCL  overspread  perhaps  the  tops  of  our  highest  mountains  in  the 
northern  parts  of  our  islands  In  the  one  case  the  pot  boles  have 
been  due  to  rapid  and  comparatively  intense  action  in  a  brief  space 
of  time  in  the  other  their  larger  analogues  the  coums  have  received 
tl  eir  form  through  slowlj  and  perhaps  teebly  acting  ciuses  con- 
tinuing throughout  a  peiol  of  time  so  long  that  we  can  form  no 
conception  of  its  imnuusitj 

It  will  theiifore  be  spen  that  it  is  here  consilered  that,  as  the 
orgm  of  coums — the   s a  called    Giants    Ciiddrons  of  Sweden — the 

round  and  deej  holes  with  polished  si  les  that  occui  on  the  sides 
of  the  Swiss  ^alle}s  in  situations  where  the  form  of  the  surface 
will  not  pirmit  us  to  suppose  that  inj  cascale  could  ever  have 
evicted  — and  the  e\islence  of  simdai  ]  its  m  the  rocky  bed  of 
I  ike  I  isms — all  admit  ol  the  most  complete  and  satisfactory 
evplinatiou  on  the  assunipiion  that  the  analogy  between  the 
beliiMo  ir  of  ft  glacier  and  that  of  a  nver  which  is  known  to 
be  (liULst  (.oiujleti,  m  the  j  uuy  represenlalnes    f  the  old  ice-sheet, 
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waa,  under  tlie  extreme  conditions  that  obtained  during  the  ice-sheet 
period,  complete  in  every  respect,  the  hypothesis  that  many  of  these 
cauldron-like  hollows  are  due  to*  the  eddying  of  the  ice  must  be 
accepted  until  it  can  be  shown  that  this  hypothesis  is  clearly 
disproved  by  any  of  the  facts. 


ni. — ^A  Chapter  tn  the  Histoet  of  Meteoeites. 

By  Walter  Flight,  D.Sc,  F.G.S., 

Of  the  Department  of  Mineralogy,  British  Museum. 

{Continued  from  page  412.) 

1868,  February  lOtL— Girgentl,  Sicily.' 

It  is  probable  that  the  history  of  this  fall  has  unfortunately  been 
lost  to  science.  Vom  Eath  has  recently  endeavoured,  but  without 
avaUy  to  gather  information  from  Gremmellaro,  of  Palermo,  respecting 
what  now  appears  to  have  been  a  shower  of  stones  rather  tliiin  the 
fall  of  a  single  meteorite,  as  hitherto  supposed.  Gkmmellaro  was 
unable  in  1869  to  discover  any  persons  who  witnessed  the  fall ;  as, 
however,  it  appears  that  two  years  after  the  occurrence  Greg'  was 
informed  that  an  account  had  been  printed  in  a  Sicilian  scientific 
journal,  more  particulars  of  the  fall  may  yet  be  obtained. 

The  two  fragments  examined  by  vom  Rath  were  partly  covered 
with  a  black  crust  forming  an  undulating  surface,  with  occasional 
little  prominences  that  revealed  the  presence  of  nickel-iron.  The 
structure  of  the  rock  is  chondritic,  of  a  light  greyish  white,  is  finely 
granular,  appearing  to  the  eye  almost  uniform  in  texture.  A  frac- 
tured surface  exhibits  a  great  number  of  exceedingly  fine  black  lines 
which  seem  to  have  their  origin  in  the  crust,  although,  from  their 
diminutive  size  (they  are  generally  only  to  be  recognized  with  a 
lens),  it  is,  says  the  author,  difficult  to  believe  that  they  are  filled 
with  fused  matter.  (Compare  with  Meunier's  observations  on  the 
black  lines  in  the  Aumieres  meteorite,  page  401.)  They  form  a 
tangled  mesh-work  enclosing  the  spherules  and  rounded  crystalline 
grains  of  olivine ;  and  they  are  most  abundant  round  the  granules  of 
magnetic  pyrites,  which  they  occasionally  traverse.  The  nickel-iron 
is  less  abundant  than  in  the  Pultusk  meteorites,  and  besides  forming 
ronnded  or  hackly  grains,  occurs,  as  in  the  Krahenberg  aerolite,  in 
fine  veins.  The  magnetic  pyrites  (troilite?),  which  is  more  abun- 
dant than  the  preceding  mineral,  takes  different  hues,  and  both  it 
and  the  granules  of  chromite  are  grouped  together  in  small  circles, 
which  give  the  rock  a  more  distinctly  chondritic  cliaracter.  Spherules 
of  sufficient  size  to  project  from  a  fractured  surface  and  capable  of 
being  detached  are  rare ;  some,  however,  have  a  fibrous  structure 
and  a  pale  green  colour.  Under  the  microscope  the  mass  of  the  rock 
is  found  to  be  an  aggregate  of  white  crystalline  grains;  in  it  one 

*  G.  vom  Bath.     Pogg.  Ann.^  1869,  cxxxviii.  641. — S.  Meunier.     Compt.  rettd., 
1873,  Ixxvi.  109. 
«  R.  P.  Greg.    Phil.  Mag.  xxir.  634. 
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smnll  yellowiBh-RTeen  orjstallme  plate  having  the  apiieanmoe  of 
mioa  waa  noticed.  The  specific  gravity  of  the  Btone  ia  3-549,  * 
nnmber  intermedial e  botweeii  those  yielded  by  the  PuHuak  ami 
Krfihenberg  meteorites.  The  GirgenU  stone  oontaina  8'3  per  oenL 
of  nickel-iroti  having  the  composilion : 

Iron  =  873;         Nickel  =  12-7;  Total  =  100-0. 

Here  again  the  proportion  of  this  oouetituent  ia  intermediate  he- 
tweeti  that  found  in  the  mel«orite6  jttst  meutioned ;  and  iii  composition 
nearly  the  same  as  the  niokel-iron  of  Krahenherg. 

'i'lie  noa-niagnetio  portion,  amounting  to  91-7  per  cent.,  wtich, 
by  roason  of  the  small  amount  of  iuat«nal  available  for  analysis, 
was  not  subjeoted  to  the  separating  treatment  of  acid,  was  found  to 
consist  of : 

SiO,    ALjO,    FeO     MnO    MgO    CaO     NsiO?    Fo        S    Chromite 

*3-41      1-57      17-86     trace     26-8*      1'85        l-oO     3i3     2-21     1-20  =  lOOOO 

If  the  chroraite  and  the  iron  eulphide,  which  as  it  ocouro  in  the 
portion  of  the  stone  unacted  upon  by  the  magnet  is  probably  txoilite, 
be  deducted,  the  silicates  have  the  following  composition : 

Oxi/ftH. 

Sflioioadd _ 16-61  2419 

Alnioina 168  0 

Iron  protoiida 19'2a  * 

HigacaU 28S9  ll-M 

Lime    „ 1-98  0-67    " 

Soda  (i^  1-61  0-66 

10000 
The  oxygen  ratio  of  tho  total  bases  to  that  of  the  silicic  acid  is 
1  ;  1-352.     As  this  is  obviously  a  mixture  of  silicates,  it  seems  not 
ini  probable,  both  froni  tho  structure  of  the  stone  and  the  analytical 
iletenni nations,  that  it  consists,  as  in  the  Kriihenherg  rock  {see  page 
22),  of  on  olivine  of  the  form  FeO.  MgO,  SiO,  (like  that  also  occur- 
ring in  the  meteorites  of  Chateau-Renard  and  Kakova),  and  a  nearly 
pure  magneaian  enstatite,  as  the  following  scheme  indicates  : 
FeO,  MgO.  SiO,.      MgO  (CaO),  SiO,. 
Oxj/gtri.  Oxygen. 

Silicic  nrid 866  ...     15-53 


T22) 


For  tlie  reason  already  mentioned  the  presence  of  cobalt  and  i 
the  alkalies  could  not  be  directly  delermined. 

Found  1854. — Tneson,  Pima  Co.,  Arizona.' 

This  remarkable  mass  of  iron,  of  which  an  account  is  given  i 
Biirtlett's  "  Personal  Narrative,"'  has  been  choBon  by  von  Haidingt 

'  W.  von  Hnidinger.      StWei:  Jtad.  Win.  Wini,  \t.\.  April  heft. 
"  J.  K.  Barttftt.      l'er»nnni  Narrative  of  Explorations  and  Incidents  in  Tom 
JVfii-  Mtiito,  California,  Sonoro,  and  CliihuaLua.    1854.   Xcb'  Yorlt:  Appletoni  C 
-    Page  207. 


499 


Dr.  WaUer  ISgkl— History  of  MOeof^a. 

to  flloBtnte  aonie  remarfca  on  (be  rotatitm  of  meteoriteK.    tt  n 

4  ft.  1  in.  b;  3  ft  3  in.,  weighs  about  1400  lbs.,  and  is  in  the  form 

of  <t  ring.     Wben  fint  foond,  it  was  set  up  as  an  aavil. 

Ton  Haidinger  points  ont  that  the  greatest  extension  of  the  iron 
ta  in  the  plane  of  the  ring,  and  that  the  rotation  most  have  taken 
place  in  this  plane.  The  question  arises  :  What  woald  be  the  effect 
the  reristAnce  of  the  air  wilt  ezeixise  on  a  plate  of  iron  of  nneqaal 
thickness  ?  In  the  centra  of  the  oompression,  and  therefore  of  the 
expanrion,  the  air,  he  Snda,  would  \>%  compressed  together  in  a  con- 
dition resembling  that  of  a  solid  bod  v.  What  then  will  be  the  effect 
on  a  large  maaa  of  rock,  the  oneven  sm^ace  of  which  ia  aabjeoted  to 
tiie  unequal  action  of  a  tempeiatare  of  fusion  ?  He  atone  will  be 
bored  into,  as  the  Groes-DiTina  stone  has  been  to  a  considerable 
depth ;  a  similar  phenomenon  has  been  remarked  in  other  meteorites. 
While  this  will  be  the  effect  on  brittle  stony  material,  in  the  present 
case  the  resistanoe  of  tbe  air.  operating  on  a  plate  three  to  four  feet  in 
diameter  of  viscous  metal,  will  be  more  rapid  and  enei^etic.  The 
plate  will  in  process  of  time  be  penetrated  at  one  point,  and  hy  the 
gradnal  ezpanaion  of  the  orifice  it  will  cTentuallj  develope  into  a 
ring,  and  arrire  in  this  form  on  the  eartti's  surface. 

The  meteoric  iron  which  was  seen  to  fall  at  Agram,  Croatia  (1751, 
Hay  26th),  has  the  form  of  a  plate,  and  beare  evidence  of  having 
been  aobjeoted  to  the  same  eroding  influence,  though  in  a  less  degree. 
Had  it  been  continued  to  the  depth  of  another  inch  this  iron  would 
have  beoi  perforated,  aa  in  the  case  of  the  Tooson  ring. 


The  above  is  a  representation,  one-twentieth  the  aotunl  size, 
of  this  curious  mass,  which  is  preserved  in  the  Smithaoniau  Institu- 
tion, at  Washington.  The  figure  is  reproduced  from  von  Haidinger's 
memoir.  _^ 
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1855.  June  7th.— 8t  DeniB-WeBtrem,  near  Ghent,  Flandre  orientator 
Belgium.' 

Tho  earlier  deecriptions  of  this  meteorito  ore  by  Duprez'  and 
Haiiliiiger.'  Meuoier  sttitea  that  tlie  rocky  portion  of  this  lueleorile 
accords  in  all  its  characters  with  that  of  the  stonee  ^itob  fell  at 
Luce,  Sarthe,  France  (1768,  September  13th),  Mauerkircheu  wid 
others,  as  well  as  with  Uiat  of  the  meteorite  of  Snuguis  St.  £tieane, 
BaBseB-Pyreneea  (1868,  September  7th).  The  latUr  rDck,  to  which 
he  has  given  the  name  of  "  lucc'ite,"  is  described  as  white  and  finely 
granular,  rough  to  the  touch  and  eminently  oiystalline,  and  haviug 
the  specific  g^vity  of  3'43.  Ha  reprodiiceH  from  another  of  his 
memoirs  the  results  of  his  examination  of  the  last-mention ed 
atone,  and  to  this  we  shall  presently  direct  attention.  Ko  analysis 
of  the  Belgian  meteorite  appears  to  have  been  performed.  Tlie 
paper  is  chiefly  devoted  to  theoretical  consiJeratioua  respecting  the 
Btratigraphical  arrangement  of  the  star-masses  whence  the  meteotil« 
are  supposed  to  be  derived.  Meteorites,  he  maintains,  are  the  pro- 
duct of  the  breaking-up  of  larger  celestial  bodies  at  the  completion 
of  their  development,  aud  the  moon,  he  considers,  is  now  approaching 
this  stage  of  her  existence. 

Found  1B56. — Hainholz,  near  Faderbom,  Mindea,  Weatphalu.' 
'      Tliis  member  of  the  small  olaas  of  Biderolites,  originally  deaaibed 

by  Williler,  von  Reichenbach,  and  von  Haidinger,  has  recently  been 
sul>iiiiltLil  to  n  cniL'fiil  dicniionl  exrmiiii;Uion  by  Ei.iumelsb^fg.  It 
was  reiimrke.l  liy  von  Kciuhcnlincb  tliat  the  .Ah'Wi.-  of  tliis  nioieorile 
formed  unusually  laige  cryetalHiie  masses,  the  faces  of  wliich,  how- 
ever, were  destroyed  by  weathering;  one  crystal  was  ]J  in.  long 
and  1^  in.  in  breadth. 

Two  specimens  of  this  meteorite  were  found  by  Eammelsberg  to 
have  the  composition : 

Kicktl-iron     H-48     1270 

Oironiitc 0-58     lOSi 

Olivine     56-45     62-78 

Bronzilc 2849     2100 

10000  10000 
Tho  metallic  portion  consists  of: 

Iron  =  93  Si;         Xiikel  =  616        Total  =  100-00 
and  tho  two  silicates  have  the  following  composition  : 

SiOi  AljOj  ¥e.O  MpO  CaO 

A.   .%/i.l,le         ...     35'77     ...       —      ...     22-01      ...     41-32  ...       —       =100  00 

U.  I.iwhihle      ...     63'06     ...     3-19     ...      1663     ...     2540  ...     2-73      =100M 

1  S.  Mi-uni(T.  Bull.  Afid.  Sf.  Sdgigur,  1870  [2],  iiix.  210.  (Sw  hIw  F. 
D"|.r.-/.  Ihill.  Acad.  Sc.  Bilpique.  1870  [2],  xiii.  Ifil.J-.lcnJ.  rovQle  ile  Btlpili'- 
Cr.-iiti;-iin.'  AiiniviTSiiire  do  Fomliition  (1772-1872).  Tome  II.  'liappcrl  Kmlain 
[■Science'  iniiieraki),  par  G.  JJeunljut,  23. 

>  F.  Dupre;.     Hull.  Atad.  Sc.  nrlqignc,  18fi5  [2],  i.  12. 

'  W.  von  Iliiidinger.     Silzhtr.  Ak'  Win.  H'i,v,  1860,  slii.  9. 

*  C.  Knmmelslifri',  MoHHtiier.  Akad.  Witt.  Jler/in,  Ui.  3U.— C.  RfmimelsbfrJ- 
DiedicmiwIioXamrdcrMeleoriten.  AiiaHilt.  Aknd.  Il'iii.  Brrlin,  1870,94.  Se* 
afso  A/-.  DtuUch.  Chcm.  Gt.tll.  Balin,  V870,iii.  623. 
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The  soluble  part,  "which  oonstitotes  more  than  one-half  of  the  stone, 
is  an  olivine  in  which  the  ratio  Fe  to  3[g  is  1 : 3,  the  same  proportion 
as  that  met  with  in  the  Linn  Co.,  Shergotty  and  other  meteorites. 
In  the  insoluble  portion  we  have  a  bronzite  in  which  the  ratio  of 
these  two  metals  is  the  same  as  that  of  the  olivine  aooompanjing  it, 
and  as  that  in  the  enstatite  of  the  Shalka  aerolite.  In  the  latter 
meteorite  the  bronzite  is  not  associated  with  nickel  -iron.  The  con- 
stitution of  these  two  ingredients  of  the  Hainholz  siderolite  may  be 
represented  by  the  formuls : 

}     Fe,Si04  )  J  8  13  MeSiO,}  \ 

Found  1866  (?).— Jewell  Hill,  Kadison  Co.,  H.  Carolina.^ 

This  iron  has  been  found  by  Tschermak  to  enclose  thin  plates  of 
troilite  like  those  he  recently  noticed  in  the  meteoric  iron  of  Ilimae, 
Desert  of  Atacama,  Chili.  (See  page  73.)  The  lamellse  are  just  as 
abundant  and  have  the  same  orientation  as  those  of  the  Chilian  iron, 
and  are  about  one-third  'the  size.  According  to  the  analyses  of 
Tschermak  and  Dr.  Lawrence  Smith,  these  metallic  masses  have  nearly 
the  same  composition.  In  a  volume  of  his  papers  collected  and 
published  in  1873,  the  latter  author'  states  that  the  Jewell  Hill  iron 
reached  his  hands  in  1854. 

1867,  February  28tlL — ^PamaUee,  Madura  District,  Madras,  India. 

[Lat  e^'  1«  H. ;  Long.  78°  21'  E,] » 

Several  notices  of  this  remarkable  fall,  the  larger  aerolite  of  which 
is  preserved  in  the  National  Collection,  have  appeared  :  three  by 
von  Haidinger,  and  three  by  1).  Cassels,  by  2).  Pfeiffer,  who  sub- 
mitted the  rock  to  analysis,  and  3).  by  Maskelyne,  who  studied  its 
minute  structure  under  the  microscope.  Meunier  publishes  the 
results  of  a  lithological  study  of  this  stone,  which  he  finds  to  have  a 
very  complex  structure,  and  to  present  in  its  leading  features  great 
similarity  with  the  meteorites  of  Cabarras  Co.  (1849,  October  3l8t), 
Mezo-Madaraz  (1862,  September  4th),  and  Bremervorde  (18oo, 
May  13th).  Its  structure  has  been  described  as  pisolitic:  Meunier, 
on  the  contrary,  likens  it  to  a  coarsely  granular  grit  The  grains 
composing  it  are  often  angular,  sometimes  more  or  less  rounded,  and 
in  each  instance  have  the  characters  of  fragments  which  have  been 
detached  from  larger  masses  :  the  rock,  in  short,  is  a  breccia.  By  a 
careful  examination  of  the  four  specimens  preserved  in  the  Paris 
Collection,  the  author  has  noted  the  presence  of  twelve  distinct  species 
of  grains:  1).  troilite,  sometimes  in  fragments  of  largo  size;  2). 
nickel-iron,  in  rounded  or  markedly  angular  fragments  ;  3).  greyish 
green  translucent  peridot,  presenting  the  appearance  of  having  been 
rolled  ;  4).  chromite,  enclosed  in  a  whitish  rocky  matrix ;  5).  a  grey 

1  G.  Tschermak.     Denksehrift  JFien.  Akad.  Math.  NaturiP,  Cflasse^  xxxi.  187. 
*  J.  L.  Smith.     Mineralogy  and  Chemistry,  317. 
'  S.  Meunier.     Compt.  retid,,  1871,  Ixxiii.  34G. 
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laminated  mraeral,  witU  pearly  lustre,  whicli  is  probably  Lyperstfaer 
or  amphibolp.  The  reuiaiuing  seven  speciee,  which  may  more 
appropriately  be  dosignaled  rocks  proper,  are  divided  by  the  author 
into  two  groups,  acoording  ns  he  bas,  or  bas  not,  been  able  up  to  the 
present  to  identify  tbem  as  individual  litbological  types  cCDstitntiDg 
distinct  meteorites.  In  the  latter  group  he  eiiumerat«A  6).  a  gr«y 
Bcoriaceous  rock,  free  from  metallic  particles;  7).  a  dark  ^rey  rock, 
enclosing  them  ;  and  8).  a  bright  grey  slightly  ocLreous  rouk,  prc>b. 
ably  the  altered  product  of  another  species.  Meunier  is  of 
opinion  that  any  one  of  these  throe  species  may  at  some  fntiire 
period  be  found  to  constitute  an  individual  meteorile.  The  remain- 
ing four  species  are  :  9).  a  while  granular  rook,  enclosing  nickel-iron 
and  t^oilite ;  this  variety,  whioh  occurs  in  about  thirty  of  the 
meteorites  in  the  Paris  Colleotion,  be  bas  termed  luoei'te  ;  10).  a 
rock  of  the  whiteness  of  plaster  and  enclosing  small  black  grains ; 
this  is  the  'chlodnite'  of  the  Bishopville  meteorite,  now  shown  to' be 
magnesian  enstatitc,  MgO,  SiO, ;  11).  a  rock,  perfectly  black  and 
very  tough,  containing  grains  of  nickel-iron  and  troilite.  such  a  mate- 
rial, met  with  in  the  stone  of  Tadjera  {1867,  June  9th)  and  the 
melflorio  irons  of  Deesa  and  Henialga,  has  received  the  name  of 
tadjerite;  and  12).  the  last  species,  is  a  gi-eenish  grey  friable  grauulai 
highly  crystalline  rock,  containing  no  metal  but  small  gmins  of 
■  olm)inite ;  from  its  resemblance  to  the  meteorio  rook  of  Chaasigny 
(1815,  October  3rd),  and  in  fact  by  reason  of  its  highly  olivinoufl 
character,  it  has  reciiivod  the  nnnio  of  ebrtSBij;uilo. 

The  presence,  says  the  author,  in  the  'polygenic  conglomerate' 
of  Pamallee  of  fragments  belonging  to  seven  typos  at  least  of 
distinct  meteoric  rocks,  demonstrates  tho  co-existence  of  these  types 
in  the  star-mass  whence  this  Inc' 


1858,  December  24tli. — Unrcia,  Spain.' 

This  meteorite,  which  was  shown  at  the  International  Esbibition 
of  Paris  in  1S(j7,  is  in  the  form  of  a  riglit  pai'allelepiped  wilh 
square  base,  the  dimensions  whereof  are  3y  centim.,  40  centim., 
and  27  centim.  It  weighs  114  kilog.,  considerably  surpassing  in 
size  the  average  of  rock  masses  of  meteoric  origin. 

This  meleorit«  is  remarkable  for  its  hardness.  Tlie  crust,  which 
is  nearly  perfect,  has  evidently  turned  since  the  fall  of  the  stone 
from  black  to  brown.  On  the  fractured  surface  grains  of  nickel-iron 
are  seen,  few  of  which  retain  their  lustre,  as  well  as  an  iron  sulphide 
of  a  bronze  hue  which  is  abundantly  disseminated  through  the  mass. 
Besides  these  are  remarked,  what  form  a  distinguishing  feature  of 
this  rock,  vei^  small  extremely  brilliant  crystalline  particles,  some- 
times in  minute  veins,  which  appear  to  be  metal,  but  really  have 
vitreous  lustre.  They  fuse  before  the  blowpipe  to  a  grey  enamel, 
and  give  the  reactions  of  silica  and  alumina.     They  are  probably  a 

1  S.Mpunier,  Tli&se  prfacnWe  i  In  FacultedesScicnwsde  Poris,  1869.  Rfcherehri 
lur  la  coinpuiilion  el  la  Slructuit  det  MelmrUti,  U,  ((  ceq.  {See  also  0.  X.  Daubrce 
sod  S.  Meunier.      Campt.  rend.,  I&e8,\i.\\.  e39.'i 
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felspar  or  an  analogous  mineral  species.  Though  by  their  brilliancy 
and  ixansparency  they  resemble  quartz,  the  feeble  action  which  they 
exert  on  polarized  light  suffices  to  distinguish  them.  In  a  micix)scopic 
section  the  presence  of  a  large  amount  of  a  black  opaque  ingredient 
was  recognized ;  grains  of  a  sulphide  with  a  sub-metallic  lustre, 
duller  along  the  margin,  are  very  abimdant ;  while  others  much  smaller 
and  yery  black  were  identified  with  chromite.  The  stony  matter 
enclosing  these  substances  is  made  up  of  two  ingredients  of  different 
aspect :  the  one,  of  a  reddish-yellow  colour  and  yery  transparent, 
presents  the  flawed  characters  usually  observed  in  the  siliceous 
portion  of  meteoric  rocks ;  the  other  is  of  a  darker  hue  and  less 
homogeneous. 

The  material  chosen  for  analysis,  taken  from  the  blackest,  and 
consequently  less  altered  portion  of  the  meteorite,  had  the  following 
composition : 

Niekel-inm ,.    ^ 14*990 

Troilite         20-520 

Chromite    0*920 

Soluble  silieate  ... 38*688 

Insoluble  silicata 24*640 


99-758 
The  nickel-iron  consists  of: 

Iron  =  90-93 ;    Nickel  =  907 ;    Total  =  100-00 
The  troilite,  constituting  one-fifth  of  the  stone,  is  present  in  larger 
quantity  than  in  any  meteorite  previously  investigated.     The  siliceous 
portions  are  composed  as  follow : 

SiOs    AI2O3    FeO     MgO       CaO     Na,0    KjO  Chromite 
A.&>lubU     38-726      —    12*932    47*206    0*233    0*904      —       —       =100*000 
B. /f»o/M5^  55*719  1*996    0*880    37*806      —  —     trace  3*599     =100000 

The  soluble  portion  consists  chiefly  of  an  olivine  having  the  same 
composition  as  that  occurring  in  the  meteorites  of  Tadj^ra  and  Pul- 
tusk,  while  the  insoluble  part  appears  to  be  for  the  most  part  a  pure 
magnesian  enstatite,  with  perhaps  a  small  amount  of  the  aluminous 
mineral  already  alluded  to. 

1868.— Trenton,  Washington  Co.,  WisconsiiL    [Lat  43°  22^  H. ; 

long.  88°  8'  W.] ' 

In  the  autumn  of  1858  a  farmer  while  working  on  his  farm  in  Section 
33,  Washington  Co.,  struck  his  plough  against  some  hard  object 
about  10  inches  below  the  surface;  it  proved  to  be  a  mass  of 
meteoric  iron  weighing  62  lbs.  It  appears  that  four  pieces,  two  of 
which  weighed  16  lbs.  and  7f  lbs.,  were  found,  in  the  years  im- 
mediately following,  within  a  circuit  of  two  or  three  rods  of  the 
spot  where  the  largest  was  discovered.  Dr.  L.  Smith  gives  the 
weights  of  the  masses:  62 lbs.,  16 lbs.,  10 lbs.,  and  Bibs.,  and  the 
composition  of  the  metal  as  written  below  (I.),  side  by  side,  with  the 

*  J.  L.  Smith.  Amer.  Jour.  8e.y  1869,  xlvii.  271.  Mineralogy  and  Chemistry, 
349.— F.  Brenndecke.  Annual  Mep,  Smithsonian  IntLfor  1869,  1871,  417.— J.  A. 
Lapham.    Amer,  Jour,  Se,f  1872,  iii.  69.    (See  also  Port  I.  O^oi^.I&^^m"^^^  *^^^ 
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results  of  an  analysis  by  Bode  (11,),  wliicli  is  inoori)orat«d  m 
Bconndoeke's  report,  on  tfiese  meteorites  preseoted  by  bim  to  tbe 
Society  of  Natui-ul  Hietory  of  WisconBin : 


Cobalt 
Phnsphor 


iSb 


Inblo  leiidtU) 


I 


Bpociflp  grttTtty      7-83     7*327 

Bode  statee  that  the  Widmannstittian  figures  are  developed  with 
grent  diatinctnesB.  Dr.  graith  arrived  at  the  same  result,  and  finds 
tlmt  the  spaces  between  these  figures,  wliicU  have  convex  ends  aad 
siilee,  are  darker  in  hue  than  they  are.  and  exhibit  striatioDe,  the 
linoB  being  nt  right  angles  to  the  bounding  Biirfaces  ;  these  forms  he 
terms  'Lapbaniite  markings.'  "When  the  space  where  they  ooour 
is  nearly  wjuare  the  lines  extend  from  each  of  tbe  four  sides ;  in 
other  C080S  they  are  parallel  to  tbe  longer  sides.  He  considers  that 
these  figures  indicate  "  the  ases  of  minute  columnar  crystals,  which 
tend  to  aSBume  a  position  at  right  angles  to  tbe  surface  of  cooling." 
Tbe  author  does  not  describe  what  phases  these  figures  assume  when 
the  iron  is  out  in  various  directions. 

1859,  May  — .— Benflt«,  Baases-Pyrenf-eB,' 

Thin  meteorite  has  recently  been  acquired  for  the  Paris  Collection. 
Two  fragments,  weighing  respectively  1-40  and  0-42  kilog.,  were 
found  about  700  metres  apart,  the  former  having  penetrated  the  soil 
to  a  depth  of  about  50  centim.  TJie  black  crust  has  a  thickness  of 
0-4  to  0-5  ram,,  and  the  specific  gravity  of  the  stone  is  3-53.  It 
belongs  to  tbe  class  of  which  theChanfoiinay  meteorite  (1812,  August 
5tb)  is  a  representative,  and  consists,  it  may  bo  presumed,  as  it  has 
not  yet  been  analyzed,  chiefly  of  olivine,  bronzite,  and  labi-adorite. 
The  stone  has  a  grey  colour  and  a  compact  structure.  Tho  frac- 
tnred  surface  iB  traversed  in  all  directions  by  black  veins  wliicli 
anastomose. 

1860,  May  Ist. — New  Concord,  near  Zanesville,  Gnernsey  Co.  and 

Mnskingnm  Co.,  Ohio.' 

A  note  on  tlie  fall  of  these  meteorites,  copied  from  the  ZanesdlU 

Courier,  apjiarently  contuina  no  new  information  beyond  what  has 

already  been  recorded  in  Bucbner's  Die  Meieoriien,  104. 

Found  1861. — Rittersgriin,  near  Schwarzenberg,  Saxony. 
For  a  short  description  of  tho  probable  composition  of  this  sidero- 
Iit«  see  tbe  Breilenbach  Jteleorile. 

{To  br  fonliiiuril  in  our  i\eil  Number.) 
'  a.  A.  Dniibrcp.     Compt.  rend.  1873,  hxri.  3». 
'  Amcr.Jour.  Sc,  1871,  i.  309. 
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IV. — On   the  Ocourrenob  of  the  Gbnts  Cottledbbma  in  the 

Middle  Lias  of  Dobsktshibe. 

By  Thomas  Wbioht,  M.D.,  F.R.S.E.,  F.G.S. 

PROFESSOR  QUENSTEDT,  in  his  Handbuoh  der  Petrefakten- 
kunde  (1852),  first  described  and  figured,  under  the  name 
Cokfhderma,  a  remarkable  fossil  which  he  found  adherent  to  the  sur- 
face of  Ammonites  striatus  in  the  upper  region  of  the  Lias  c.  It 
formed  a  flat,  sessile,  cylindrical  little  bowl,  composed  of  five  plates, 
with  five  blunt  angles,  and  was  referred  by  him  to  the  class  Echino- 
dermata  and  the  order  Crinoidea.  The  learned  author,  in  his  '*  der 
Jura"  (1858),  says  that  he  has  found  it  attached  to  Ammwiitea 
lineatus  and  A.  striatus  in  the  upper  region  of  Lias  y,  at  Aselfingeu, 
and  that  it  was  comparable  to  the  calyx  of  a  crinoid. 

Professor  E.  Deslongchamps,  in  his  valuable  memoir :  **  Sur  la 
Couche  k  LeptsBna''  (M6moires  de  la  Societe  Linn^enne  de  Nor- 
mandie),  described  and  figured  several  forms  of  this  genus,  which 
he  had  found  in  a  very  richly  fossiliferous  stratum  of  Middle  Lias 
at  May  and  Fontaine  Etoupefour  (Calvados).  The  Cotylederma  are 
very  singular  Grinoids,  of  which  we  only  know  the  Calyx  or  Pelvis. 
They  have  the  form  of  little  cups  or  tubes,  and  adhere  directly  by 
their  base  to  submarine  bodies  without  any  trace  of  a  stem.  These 
remarkable  fossils  are  very  abundant  at  May,  and  from  this  locality 
Professor  Deslongchamps  obtained  many  specimens,  among  which 
are  several  new  species,  as  Cotylederma  miliaris,  DesL,  Cot,  fistulosa, 
DesL,  Cot.  docens,  DesL,  Cot,  vaactdum,  DesL,  Cot,  Qtienstedti,  Desl. 

M.  Terqnem  collected  a  species  of  Cotylederma  sessile  on  an 
ammonite  in  the  Middle  Lias  (Department  of  the  Moselle),  in  a  bed 
with  Ammonites  Dawxi,  Sow.,  and  which  was  identified  ba  the  Cotyle- 
derma  Quenstedti,  DesL 

MM.  Terquem  and  Ed.  Piette  (Lias  Inferieur  de  Test  de  la  France, 
p.  123)  have  subsequently  detected  this  genus  in  the  Lower  Lias 
Limestone  with  Ammonites  bisulcatus,  Brug.,  at  Fleigneux  and  at 
Jamoigne  in  the  East  of  France,  where  they  found  six  individuals  of 
different  ages ;  five  were  attached  to  GryphoBa  arciiata,  Lam.,  and 
the  sixth  and  largest  specimen  to  Fleurotomaria  anglica,  Sow.  These 
they  have  described  and  figured  as  C,  Oppeli.  "  The  base  is  firmly 
adherent,  lobed  into  five  or  six  divisions ;  the  superior  border  thin, 
r6und ;  interior  conical  smooth.  Dimensions  :  Diameter  of  the  base, 
O^millim. ;  diameter  of  the  opening,  2  to  3  miUim. :  depth,  2  millim. 
The  specimens  are  very  rare." 

My  friend  F.  Longe,  Esq.,  F.G.S.,  whilst  examining  the  Lias 
Coast  Section  last  August  between  Lyme  Regis  and  Charmouth, 
found  a  nodule  at  the  base  of  Down  Cliffs  which  he  thinks  belongs 
to  bed  d,  "  Blocks  of  indurated  Sandstone,"  of  Mr.  Day's  memoir  on 
the  Middle  and  Upper  Lias  of  the  Dorsetshire  Coast.  (Quart.  Joum. 
GeoL  Soc,  1863,  vol.  xix.  p.  285,  fig,  4.)  This  nodulo  contained  a 
specimen  of  Cotyledermay  having  a  portion  of  shell  adhering  to  its 
base.  The  fossil  is  conical,  obliquely  inclined  to  one  side;  the  base 
is  expanded,  and   was  apparently  adherent;    and   the   summit  ia 
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ronudeil  and  opoo.  The  body  conBiBts  of  five  aneqtial-sieed  calcueoOl 
plates  closely  soldered  together,  and  Laving  tbeir  surface  covered 
with  small  granulations.  The  plates  are  each  slightly  convex,  and 
the  lines  of  tlio  sutures  well  deBiieii.  The  species  appeared  to  me 
to  be  identical  with  one  of  the  fotins  figured  by  M.  Deslongchainps 
in  the  raemoir  referred  to  from  the  Middle  Lias  of  May. 

Without  oommitting  myaelf  to  any  opinion  as  to  the  true  position 
of  Colylederma  in  the  zoological  eeriea  until  I  have  an  opportunity 
of  exnmiiiing  the  stnioture  more  in  detail,  I  desire  now  only  to 
record  the  fact  of  the  discovery  of  this  genus  in  the  Middle  Liaa  of 
Dorset,  as  it  is  the  first  English  specimen  of  this  anrioiu  form  of 
the  Liassic  Sea  which  I  have  yet  seen  in  any  collection  from  our 
Lias  beds. 

isTOTiCES     OIF     i^Eia:oi:BS. 

1, — On  tite  DraoovBRY  of  BATitArniA  is  the  Dppkb  Paueozoic 
KocKS  Of  Fbasoe.  Sur  la  dhourerte  de  Batradaia  dana  le 
terrnine  primaire,  par  M.  Albert  Gaudry.  Bulletin  de  la  Soeiitfi 
Geologique  de  France,  3*  s^rie,  t.  iii.  p.  599,  pi.  vii.  et  -viii. 

IN  the  spring  of  the  present  year  M.  Albert  Gaudry  oommunicftted 
an  interesting  paper  to  the  Geological  Society  of  Fnmoe,  on 
bflome  newly  discovered  remains  of  true  Batrachia  found  in  the  older 
rooks  of  that  country,  and  whioh  paper  has  just  been  published. 
with  two  jiktes,  in  llieir  Proceedings.  This  aiscnvrrjr  is  j>;il;pr.nl.,ilo- 
gically  important ;  aa  the  author  observes  that  up  to  the  present 
time  no  remains  of  actual  typical  Batrachia  have  been  found  in  any 
rocks  of  earlier  date  than  the  Tertiary  Period.  It  has  also  been 
a  subject  of  surprise,  that  Vertebrates  of  so  low  an  oigani/jition 
should  have  appeared  so  late  upon  the  earth,  and  this  suppose*!  fact 
has  been  used  as  an  objection  to  the  theory  of  progressive  develop, 
ment.  ITowcver,  this  discovery,  he  thinks,  shows  stnictural  cha- 
i^acters,  siich  as  an  evolutionist  would  expect  to  find  in  an  ancient 
rock.  Tlie  tail  very  short,  the  bones  of  the  trunk  and  limbs 
resembling  those  of  the  Salamanders,  whilst  on  the  contrary  the 
hones  of  the  head  have  the  characters  of  those  of  the  Frog;  thus 
lessening  the  distance  which  appears  to  separate  the  Urodela  from 
the  Jnoura.  He  ftirther  remarks,  that  the  incomplete  ossification  of 
the  centra  of  the  vertebra,  the  want  of  ossification  of  the  epyplijses 
of  the  limb  bones,  and  probably,  also,  the  cartilaginoiis  state  of  the 
carpals  and  tarsals,  reveal  a  typo  of  which  the  evolution  is  not  yet 
completed.  Like  the  earlier  Mammalia,  these  Batrachia  are  very 
small,  thus  giving  Ihem  the  appearance  of  animals  not  fully  de- 
veloped. But  ho  thinks  it  probable  that  most  of  the  individuals  he 
examined  were  adults,  for  they  varied  but  little  in  their  proportions. 
Tlie  specimens  were  found  at  Muse  (Saone  et  Loire),  and  at 
Millery,  in  the  sohisls  from  which  petroleum  is  extracted.  At  this 
place  a  silab  was  obtained  showing  remains  of  seven  individuals 
more  or  le^s  perfect,  lliose  schists  are  considered  by  some  geo- 
^   legists  to  belong  to  the  wppei  beds  of  the  Coal-measures,  but  are 


Batrachia  in  Upper  PaUeozoic  Rocks.  507 

more  generally  referred  to  the  Permian  Formation ;  but  this  diver- 
eity  of  opinion  is  of  little  importance  in  regard  to  these  remains,  as 
it  is  certain  that  these  bituminous  schists  belong  to  the  upper  series 
of  the  Palsdozoio  rocks  of  France.  Bemains  of  seventeen  individuals 
haye  been  obtained,  one  only  being  from  Muse ;  the  two  largest 
are  respectively  45  and  35  millemetres  long  from  snout  to  end 
of  tail,  whilst  the  Muse  specimen  is  but  SO  millemetres  in  length. 

Although  the  skeleton  appears  smaller,  M.  Gaudry  does  not 
think  it  constitutes  a  specific  difiference.  The  osteological  characters, 
and  the  points  of  agreement  with,  or  divergence  from,  the  corre- 
sponding bones  in  tiie  Frogs  and  Salamanders,  and  also  in  some 
of  the  extinct  genera  of  the  Amphibia,  are  fully  stated ;  but  these 
comparisons,  although  interesting,  are  too  long  for  quotation. 

The  osteological  evidence  for  considering  these  remains  to  be 
those  of  true  Batrachia  are,  the  large  size  of  the  head  of  ProtriUm^ 
the  great  eye  orbits,  the  absence  of  the  suprasquamosals,  and  also  of 
the  entostemum  and  epistemum,  together  with  the  very  small  ribs, 
— these  characters  have  a  marked  resemblance  to  the  Batrachia,  and 
more  especially  to  the  Salamanders.  There  are,  however,  some 
important  dififerences ;  notably  the  head  is  relatively  very  much 
lai^r  than  that  of  the  aquatic  Salamanders,  and  is  also  propor- 
tionally larger  than  in  the  terrestrial  Salamanders ;  the  vertebrae  are 
not  so  completely  ossified;  the  neck  has  three  vertebrae,  the 
Salamander  but  one ;  the  dorsal  and  lumbar  vertebras  are  shorter 
and  more  numerous ;  the  ribs  are  less  arched  ;  the  lumbar  vertebrae 
carry  no  ribs,  and  the  tail  is  only  a  fifth  of  t^e  total  length  of  the 
body,  whilst  in  most  of  the  Salamanders  it  is  equal  to  the  half 
of  the  entire  length.  The  anterior  and  posterior  limbs  are  directed 
backwards,  thus  more  resembling  the  Ganocephala  than  the 
Batrachia.  It  is  probable,  when  more  perfect  examples  of 
Protritan  are  found,  in  which  the  bones  of  the  scapular  and  pelvic 
arches  are  shown,  that  more  numerous  dififerences  than  those  at 
present  observed  may  separate  Protriton  from  the  Urodela. 

M.  Oaudry  thinks  that  Apateon  pedestris,  v.  Meyer,  from  the 
bituminous  schists  of  Appel  Miinster,  is  closely  allied  to  Protriton, 
and  that  Prof.  Wyman  is  of  opinion  that  Baniceps  (Pdion)  Lyellt, 
from  the  Coal-measures  of  Ohio,  is  also  a  true  Batrachian.  There 
is  therefore  evidence  of  the  early  existence  in  Geological  time 
of  members  of  this  family  in  France,  Germany  and  North  America. 
He  proposes  the  name  Protriton  petroki,  as  indicating  that  these 
remains  are  the  predecessors  of  the  Salamanders,  and'  that  they 
were  first  found  in  rocks  producing  petroleum. — W.  Daviks. 

n. — On  the  Fohmation  of  Metallic  Sulphides  and  other 
Minerals  in  the  Thermal  Spring  of  Bourbonne-les-Bains 
(Haute-Marne).  By  M.  Daubrce.  Comptes  Rendus,  vol. 
Ixxx.  1875. 

IN  carrying  out  some  works  connected  with  the  thermal  spring  of 
Bourbonne-les-Bains,  some  interesting  facts  have  been  brought 
to  light     At  the  bottom  of  an  ancient  well,  a  bed  of  bl«iftk\&VL  \fisA 
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in  the  lower,  numeroue  medija  of  bronz*,  silver  and  gold,  as  well  m 
other  works  of  art  of  Roiuau  age.  Below  this  was  a  bed  coaaiating 
prinoipally  of  fragments  of  aanJstone,  which  were  more  or  lew 
OBinented  together  by  metalliferous  minerals  definitely  crysljilliEed. 

M.  DaubrSe's  attention  was  directed  to  this  interesting  oiroumetanoe 
by  the  Minister  of  Public  Works,  who  had  received  specimens  (rora 
the  chief  engineer  of  minea,  M.  Trautinftn, 

Notwithstanding  the  resembla.nce  of  these  minerals  to  those  of 
older  geological  date,  Ihey  have  evidently  been  produced  after  the 
embedding  of  the  Boman  medals  with  which  they  were  associated, 
for,  in  many  instances,  the  medaU  were  encrusted  and  enveloped  by 
them.     The  following  species  were  recognized : — 

Copper  Glance,  in  crystals  similar  to  those  found  near  Bodrath, 
in  Comwiill,  and  associated  with  Covelline. 

Copper  I'yrite^  orystnlliBed  nnil  mammillated. 

Embescite  in  regular  octahedrons,  and  cubes  with  faces  slightly 
curved. 

Tetrahedrito  in  crystals  with  its  usual  lustre  and  other  characters, 
and  from  the  analysis  representing  a  type  nearly  free  from  arsenic 

Of  these  minerals,  tlie  most  novel  is  the  formation  of  the  double 
sulphide  of  copper  and  antimony  constituting  Telrahedritc,  for  the 
other  species  have  been  previously  observed  under  Bomewhat  similar 
'    conditions  in  other  localities. 

Besides  these,  occur  numerous  rounded  grains  of  quartz,  cementeJ 
with  sulphides,  as  well  as  some  do  ably -terminated  crystals  of  the 
same  mineral,  resembling  ibe  CompustuUa  Hyacinth.  Whilst  some 
of  these  are  derived  from  the  grc3  des  Vosges,  others  appe.ir  to  have 
been  the  result  of  a  contemporaneous  crystallization  with  that  of  the 
Tet rah eil rite,  etc. 

The  formation  of  these  sulphides  is  evidently  connected  with  the 
thermal  spring,  the  water  of  which  contains  in  solution  chlorides 
and  sulphates  of  the  alkalies,  lime  and  magnesia,  ns  well  as  bromides, 
and  carbonates  of  iron  and  lime,  an  alkaline  silicate,  and  traces  of 
arsenic  and  manganese.  The  solid  conttnts  ai-e  about  7  to  8  grammes 
per  litre,  and  the  temperatui'e  is  about  GO". 

lu  explaining  the  fonnation  of  these  metallic  sulphides  in  the 
midst  of  the  mud  and  under  the  influence  of  the  mineral  water  which 
has  constantly  penetrated  it,  M.  Daubree  considers  that  the  sulphates 
have  been  partially  reduced  to  sulphides  by  the  action  of  the  vege- 
tuljlo  matter  present,  a  woll-kuown  reaction  in  nature. 

The  presence  of  antimony,  an  essential  element  in  tetrahedrife,  is 
particularly  interesting,  for,  though  its  presence  has  been  determined 
in  mineral  springs  in  other  localities,  it  has  not  been  recognized  at 
present  in  that  of  Bo urbonnc-les- Bains.  It  has  been,  therefore, 
probably  derived  from  the  minerals  used  in  the  manufacture  of  ihe 
bronzes,  traces  of  this  metal  liaving  been  found  in  ancient  bi-onze  hv 
M.  Fellcnberg. 

The  moilals  present  a  curious  modification.  Most  of  tliom,  whilst 
retaining  their  general  form,  have  lost  their  shai'jmess  of  outline,  so 
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that,  while  the  interior  still  shows  the  lustre  and  colour  of  bronze, 
the  exterior  consists  of  a  white  earthy  crust,  consisting  chiefly  of 
oxide  of  tin,  slightly  coloured  b}'  traces  of  copper  salts.  Thus,  by 
reason  of  the  dififerent  chemical  affinities  of  the  metals  composing 
the  medals,  the  copper  has  entered  into  sulphur  combinations,  whilst 
the  tin  has  passed  into  the  state  of  oxide.  This  accounts  for  the 
mode  of  occuiTence  of  tin,  which  is  generally  found  in  the  state  of 
oxide,  even  when  sulphides,  as  mispickel,  are  found  associated  with 
it  in  the  same  vein.  The  antimony,  notwithstanding  its  analogies 
with  tin,  differs  from  it  in  these  modern  products,  as  in  metalliferous 
veins,  by  being  invariably  in  combination  with  sulphur. 

The  silver  medals  are  not  altered. 

Geologically  short  as  is  the  time  during  which  these  reactions 
described  by  M.  Daubree  have  taken  place,  yet  they  supply  import- 
ant results,  and  afiford  new  evidence  of  the  influence  of  mineral 
springs  in  the  formation  of  metallic  sulphides,  such  as  may  partly 
assist  in  explaining  the  filling  of  mineral  veins  with  similar  sub- 
stances. 

Further  research  has  brought  to  light  other  facts,  as  the  occurrence 
of  galena,  anglesite,  mammillated  limonite,  and  iron  pyrites. 

The  cavities  in  the  bricks  used  in  the  conduit  for  the  thermal 
waters  are  sometimes  found  lined  with  small  rhombohedral  crystals 
of  chabasite,  also  some  small  colourless  crystals  having  the  form  of 
rectangular  prisms  similar  to  those  which  occur  under  analogous 
circumstances  at  Plombieres,  and  which  are  referred  to  phillipsite  or 
lime-harm  otome.^ 

It  thus  appears  that  the  zeolitic  minerals  of  the  two  localities 
cited,  as  well  as  at  Luxenil  previously  described  by  M.  Daubree^* 
are  the  result  of  similar  reaction,  producing  silicates  which  did  not 
originally  exist  in  the  concrete,  but  which  have  resulted  from  the 
long-continued  action  of  the  contents  of  the  thermal  waters  upon 
the  materials  used  in  the  construction  of  the  conduit.  It  is  to  be 
remarked  that  the  water  of  Bourbonne-les-Bains  differs  considerably 
from  that  of  Plombieres,  which  contains  a  far  less  amount  of  soluble 
salts,  about  '3  gramme  per  litre ;  this  difference  has,  however,  not 
affected  the  formation  of  zeolites  in  both. 

M.  Daubree  concludes  by  pointing  out  that  thermal  springs,  flow- 
ing at  limited  depths  and  at  slight  pressure,  produce  mineral  sub- 
stances which  have  not  yet  been  formed  in  our  laboratories.  How 
important,  then,  must  be  their  eff'ects  at  greater  depths  and  greater 
pressure,  reacting  upon  the  different  rocks  which  they  traverse,  and 
thus  produce  changes  at  present  veiled  to  our  view,  but  which  should 
not  be  overlooked  in  the  consideration  of  formations  which  come 
within  the  ken  of  the  mineralogist  and  geologist. 

J.  Morris  and  TnoaiAS  Davies. 

^  Comptes  Rendus,  t.  xlvi.  p.  1806.     (1858.) 

*  Bulletin  de  la  Societe  Geologique,  2nd  ser.  t.  xviii.  p.  108.     (1860.) 
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I,— June  23rd,  1876.— John  Evans,  Esq.,  V.P.E.S.,  President,  in 
the  Chair. 

1.  "  Some  Observations  on  the  Kev-  0.  Fisher's  Betnarkfi  on 
Mr.  Mallet's  Theory  of  Volcanic  Energy,  read  May  12th,  1875."  By 
Eobert  Mallet,  Es*).,  F.R.S..  F.G.S. 

The  subject  of  the  Rev.  O.  Fisher's  paper  has  been  antioipaled  by 
one  from  Prof.  Hilgard  (Geol.  Univ.  of  Michigan)  published  in  the 
'  American  Journal  of  Science  '  (vol.  vii.  Jane,  1874). 

The  pith  of  the  Rev.  0.  Fisher's  oommnnication  is  to  a  great 
extent  comprised  In  the  two  following  sentences : — 

Ist  That  "if  crushing  the  rocks  can  induce  fusion,  then  the 
cubes  experimented  upon  ought  to  have  been  fused  in  tlie 
crushing  ?  " 

2nd.  "If  the  work  (of  crushing)  ia  equally  distributed  through- 
out, why  should  not  the  heat  be  so  also?  or  if  not,  what 
determines  the  localization  ?  " 

In  his  reply  Mr.  Mallet  controverts  the  views  of  the  Bev.   0. 
Fisher  by  bringing  them  into  contact  with  acknowledged  phydoal 
laws.     He  shows  that  "  crushing  alone  of  rocky  masses  beneath  oar    j 
earth's  orust  may  be  euffloient  to  prodace  fusion.     He  also  shorn    I 
that  the  heat  developed  by  cnuhing  alone  cannot  be  equally  diffiued   j 
throughout  the  mass  crushed,  but  must  be  localized,  and  that  tlie    ' 
circumstances  of  Ibis  localization  must  result  in  producing  ii  locnl 
tcmperiiluro   far  gre.iter   than    (hat  duo   to   crushing.     L;isLly,   1j'' 
shows  that  after  the  highest  temperatures  have  been  thus  reached, 
a  still  further  and  great  exaltation  of  temperature  must  arise  from 
detrusivo  friction  and  the  movements  of  forcible  deformation  of  tk 
already  crushed  and  heated  material." 

He  therefore  expresses  hia  oonviction  that  "  there  is  no  physiail 
difficulty  in  the  conception  involved  in  his  original  memoir,'  but 
not  there  eulai^ed  upon  in  detail,  that  the  temperatures  consequent 
upon  crushing  the  materials  of  our  earth's  crust  are  sufficient  locallj 
to  bring  these  into  fusion." 

Disciasios. — Prof  Dunfiin  remnrttd  thnt  this  reply  lo  Mr.  Fieher'*  paper, 
whitli  ia  not  jcl  in  print,  wna  one  which  required  careful  thought  and  con-idiTannii 
Ho  Ibought  thnt  Mr.  MaUet  had  not  considered  sufflricntlj  the  efferls  ol 
tan<rential  throat.    The  curving  of  Etrata  takes  plucc  nlnn^  grent  planes,  produi'in; 


;  but  there  was  another  kcfics  of  scdons  sivinc  rise  to  thru' 
would  ho  slow,  and  thus 


n  of  the  thrust  n 


can  tumisli  no  pnrnlltl  to  expcrimenta  br  cruiihinf;  rocks,  in  which  thi;  ._. 
rapidly  produced.  He  further  pointvd  out  thnt  volcanos  do  not  follow  mnuntnic- 
chains,  and  that  the  cruet  of  the  earth  has  no  doubt  become  more  rigid  than  formedv. 
and  thnt  therefore  tangentiul  thrusts  would  now  be  less  effectire.  Volcauic  colis 
are  found  in  older  rocks  than  the  Koceno. 

Prof.  Rnmiiay  said  thnt  he  aj^reed  with  Prof.  Duncan  in  frenernl,  but  thuui;ht  that 
the  meaninjr  of  quick  aud  slow  was  dilfieult  to  define  in  couneiion  with  great  ihict- 
nesies  of  strata.  If  tlic  pressure  waa  Bufficicut  lo  maintain  motion,  this  miffhl  1* 
quick  in  one  sense  and  slow  in  another.  Alterations  ranv  he  gradaally  g.iinff  on  orei 
pr^aX  arean,  by  which  means  metamorphism  may  be  evidenced  ia  different  ikgrea  i" 
different  parts'. 
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The  Prendent  remarked  that  at  a  depth  of  6  miles  the  pressure  upon  a  rock  wonld 
he  120,000  Ihs.  to  the  square  inch,  an  element  which,  he  bought,  ought  to  be  taken 
into  consideration. 

2.  *^  On  the  Physical  Conditions  under  which  the  Cambrian  and 

Lower  Silorian  Bocks  were  probably  deposited  over  the  European 

Area."    By  Henry  Hicks,  Esq.,  F.G.S. 

The  author  indicates  that  the  base  line  of  the  Cambrian  rocks  is 
seen  everywhere  in  Europe  to  rest  unconformably  upon  rocks  sup- 
posed to  be  of  the  age  of  the  Laurentian  of  Canada,  and  that  the 
existence  of  these  Pre-Cambrian  rocks  indicates  that  large  continental 
areas  existed  previous  to  the  deposition  of  the  Cambrian  rocks.  The 
central  line  of  the  Pre-Cambrian  European  continent  would  be  shown 
by  a  line  drawn  from  S.W.  to  N.E.  along  the  south  coast  of  the 
English  Channel,  and  continued  through  Holland  and  Denmark  to 
the  Baltia  Its  boundaries  were  mountainous;  they  are  indicated 
in  the  north  by  the  Pre-Cambrian  ridges  in  Pembrokeshire,  in  the 
Hebrides  and  Western  Highlands,  and  by  the  gneissic  rocks  of 
Norway,  Sweden,  and  Lapland.  The  southern  line  commenced  to 
the  south  of  Spain,  passed  along  Southern  Europe,  and  terminated 
probably  in  some  elevated  plains  in  Eussia.  Between  these  chains 
the  land  formed  an  undulating  plain,  sloping  gradually  to  the  S.W., 
its  boundary  in  this  direction  being  probably  a  line  drawn  from  Spain 
to  a  point  beyond  the  British  Isles,  now  marked  by  the  100-fatbom 
line.  The  land  here  facing  the  Atlantic  Ocean  would  be  lowest, 
and  would  be  first  submerged,  when  the  slow  and  regular  depression 
of  the  Pre-Cambrian  land  took  place. 

The  author  points  out  that  Uie  evidence  furnished  by  the  Cam- 
brian and  Lower  Silurian  deposits  of  Europe  is  in  accordance  with 
this  hypothesis.  In  England  they  attain  a  thickness  of  25,000 — 
30,000  feet;  in  Sweden  not  more  than  1000  feet;  and  in  Eussia 
they  are  still  thinner,  and  the. earlier  deposits  seem  to  be  wanting. 
In  Bohemia  they  occupy  an  intermediate  position  as  to  thickness  and 
order  of  deposition.  The  author  discusses  the  phenomena  presented 
by  the  Welsh  deposits  of  Cambrian  and  Lower  Silurian  age,  and 
shows  that  we  have  first  conglomerates  composed  of  pebbles  of  the 
Pre-Cambrian  rocks,  indicating  beach  conditions,  then  ripple-marked 
sandstones  and  shallow-water  accumulations,  and  then,  after  the 
rather  sudden  occurrence  of  a  greater  depression,  finer  deposits 
containing  the  earliest  organisms  of  this  region,  which  he  believes 
to  have  immigrated  from  the  deep  water  of  the  ocean  lying  to  the 
S.W.  After  this  the  depression  was  very  gradual  for  a  long 
period,  and  the  deposits  were  generally  formed  in  shallow  water ; 
then  came  a  greater  depression,  marked  by  finer  beds  containing 
the  second  fauna ;  then  a  period  of  gradual  subsidence,  followed  by 
a  more  decided  depression  of  probably  1000  feet,  the  deposits  formed 
in  this  containing  the  third  or  "  Menevian  "  fauna.  This  depression 
enabled  the  water  to  spread  over  the  area  between  the  south  of  Prussia 
and  Bohemia  and  Norway  and  Sweden,  there  being  no  evidence  of 
the  presence  of  the  first  and  second  faunas  over  this  aresL  The 
filling  up  of  this  depression  led  to  the  deposition  of  the  ^\iidi\s^HT 
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water  dtposita  of  the  Lingula  Flog  group,  foUowod  hy  anofher 
BiiddKH  (lepiesfiion  nt  tlis  commence meut  of  tlic  Tremadoc  epoch, 
■wliich  allowed  the  walcr  to  apread  freely  over  the  wliole  European 
area. 

The  author  next  diBuiiases  the  faunaa  of  the  GucccasiTO  epochs,  (knd 
iudicatea  that  these  are  also  in  favour  of  bin  \iew8.  He  indicates 
the  probability  that  the  aniiuaU,  which  ore  all  of  marine  forais, 
migrated  into  the  European  area  from  some  poiut  to  the  south-west, 
prolmbly  near  the  equator,  where  ho  supposes  the  earliBst  tyjiea  were 
developed.  Both  the  lower  nad  higher  types  of  invertebiHtea  ap- 
jiear  Qr^t  tn  the  western  areas  ;  and  the  groups  in  each  case  aa  they 
lirst  appear  are  those  which  biologists  now  recognize  as  being  moat 
nearly  lUIied,  and  whioii  may  have  developed  from  one  common  type. 
The  lower  invei-tebratea  appear  at  a  very  mucli  earlier  period  than 
the  higher  iu  all  the  areas.  In  the  Welsh  area  the  higher  forma  (the 
GaBterapods.  Lamellibranchs.  and  Cephalopods)  come  in  for  the  fitsi 
time  in  Lower  Tremadoo  rocks  ;  nnd  with  the  osceptiou  of  the  pre- 
eeuce  of  a  Qasteropod  in  rather  lower  beds  in  Spain,  this  is  the 
earliest  evidence  of  these  higher  forms  having  reached  the  European 
area.  At  this  time,  however,  no  less  .than  five  distinct  faunas  of 
lower  invertebrates  bad  already  appeared  ;  and  an  enormous  period. 
indicated  by  the  deposition  of  nearly  16,000  feet  of  deposits,  hsd 
«lapeed  since  the  first  fauna  had  loadied  this  area.  The  aathoF  i 
pniiils  out  also  that  a  simliar  ent^ronoliment  of  the  sea  and  mipntioa 
of  iimniiils  in  a  nortli-wesferly  tiirection  occurred  in  the  Xorfli 
Auioiiciu  ni-ea  nt  about  the  same  time,  the  lines  indicating  ibe 
Europemi  and  American  depressions  meeting  in  Mid-Atlantic. 

3.  '■  On  a  Bone-Cave  in  Creswell  Crags."  By  the  Hev.  J.  Mageiis 
Mcllo,  M.A.,  F.G.S. 

T(i  Ibis  paper  the  author  describes  some  fissures  containing  numermis 
hiinus,  situated  in  Creawell  Crags,  a  ravine  bounded  by  cliffs  of 
Lower  Pvrniinn  limestone,  on  the  north-eastern  l>ordere  of  Derby- 
shire, lliese  cliffs  contain  numerous  fissures.  Tlie  principal  one 
dvscrilied  by  the  author  penetrates  about  50  yards  into  the  rock  aud 
has  n  wide  opening,  but  is  very  narrow  throughout  the  greater  part 
of  ils  length.  It  runs  nearly  north  and  south,  and  inclines  slightly 
fi'om  west  to  east,  from  tjie  top  downwarfs.  Near  the  enfranM 
there  is  a  layer  of  surface  soil  six  or  seven  inches  deep,  diniinialiing 
to  about  two  inches  a  few  yaids  in ;  this  contains  fragmeiits  of 
modem  pottery,  etc-  A  fine  flint  flake  was  found  in  tliis  layer  at 
about  four  inches  from  the  surface.  It  is  succeeded  l.iy  a  bod  of  rcJ 
sand,  containing  rouniled  pebbles  and  rough  blocks  of  Slagnesiau 
Limestone,  which  was  cut  into  to  a  depth  of  fuiir  to  five  feet ;  it  was 
full  of  bones,  especiatly  at  a  depth  of  two  and  a  half  or  throe  feel 
downwards.  Most  of  the  ]ong  bones  lay  with  their  long  axis  parallel 
to  the  sides  of  the  fissure  and  with  their  heavier  ends  foremost.  An 
adjoining  cave  contained  close  to  the  surface  some  fragments  of 
Koman  iwttery,  together  with  bones  of  the  coiumon  sheep;  ju*' 
heJow  these,  ftom  tlireo  to  four  inches  deep,  were  some  molars  of 
lihinoceroi  iKkorhintu,  oi  Iko  leVudi^x,  oud  numerous  chips  of  fln>'> 
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also  some  implements  formed  from  pebbles.  The  organic  re- 
is  found  in  the  first  fissnre  belong  to  fourteen  mammals  at  least, 
les  a  bird  and  a  fish.  The  mammalia  are — Man,  Lepus  timtdus, 
lusais,  HycBna  spelcea,  TJrsus,  sp.,  Cams  lupus,  Cams  mJpes, 
8  lagopus,  Elephas  primigenius,  Equus  caballus,  Bhinoceroa, 
rhinus.  Bos  urus,  Certus  megaceros,  Cervus  tarandus,  Otis,  sp., 
cola,  sp. 

"  Notes  on  Haytor  Iron  Mine."  By  Clement  Le  Neve  Foster, 
,  B.A.,  D.Sc.,  F.G.S. 

le  Haytor  mine  is  situated  on  the  eastern  borders  of  Dartmoor, 
t  three-quarters  of  a  mile  from  the  pile  of  granite  rocks  from 
h  its  name  is  derived. 

le  iron-ore  occurs  in  the  form  of  magnetite  interstratified  with 
ed  shales  and  sandstones  of  Carboniferous  age,  which  strike  about 
>°  S.,  and  dip  northwards  at  an  angle  of  about  30^. 
)ar  the  iron-ore  the  rock  becomes  highly  charged  with  hom- 
ie,  and  is  sometimes  apparently  entirely  made  up  of  actinolite. 
lets  occur  in  great  abundance, 
le  following  section  is  shown  in  the  adit  level,  viz. : — 

Carboniferous  rock. 

Iron-ore  with  partings  of  rock 10  ft. 

Carboniferous      about  6  ft 

Iron-ore  with  partings  of  rock 14  ft. 

Carboniferous      about  3  ft. 

tjr&mvc* vcUi •  •  •     ..•     •••     •••     •••     «••     •••     •••     •••     •••  w  iQ. 

Xl  wU^^^S  V  •  •  •      ••  ••«         •«■         •••         •••         ••«         •••         •••         •••         •••  V   X  Ir'* 

arth  bed,  about  3  ft.  thick,  is  seen  cropping  out  about  300  yards 

from  the  others. 

le  granite-vein  is  intruded,  not  interbedded.  The  outcrop  of 
)  beds  of  magnetite  may  be  traced  eastwards  for  a  distance  of 
t  three-quarters  of  a  mile.  The  author  considers  the  iron-ore 
)  simply  an  altered  stratified  deposit,  and  not  an  igneous  trap. 

"  On  the  Formation  of  the  Polar  Ice-cap."  By  J.  J.  Murphy, 
,  F.G.S. 

le  present  paper  is  intended  by  the  author  to  supplement  a 
ious  one,  read  before  the  Society  in  1869  (Q.  J.  G.  S.  vol.  xxv. 
)0),  in  which  he  gave  reasons  for  differing  from  Mr.  CroU  in 
ring  that  the  glacial  climate  was  one  of  intense  cold,  and  held, 
le  contrary,  that  it  was  one  of  snowy  winters  and  cold  summers, 

a  small  range  of  temperature. 

r.  Campbell,  in  a  paper  read  before  the  Society  in  1874,  gave 
bllowing  as  the  southernmost  limits  of  the  Polar  ice-cap,  viz. : — 
lastem  Europe  lat  56°  X. ;  in  Germany  ^b^  ;  in  Britain  nearly 
;  in  America  39®.     Tliis  the  author  considers  as  strong,  but  not 

evidence  against  the  theory  of  an  ice-cap  extending  to  low 
ades ;  the  extent  of  the  ice-cap  would,  of  course,  not  be  so  wido 
at  of  the  limits  of  glaciation,  owing  to  the  floating  ice  approach- 
aearer  the  equator.  After  commenting  on  Mr.  Belt's  remarks 
e  during  the  discnssion  of  ^Ir.  CampbeH's  paper,  the  author 
fS  that  he  attributes  the  presence  of  the  boulders  found  in  the 
3y  of  the  Amazon  to  icebergs  which  had  dtv^V^ci  l\vc\X\ft\^  'Cvvwv 
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usual.  The  glnciation  of  tlie  tropica  would  imply  the  gliiotation  of 
the  whole  world,  wbiob  appears  nu  more  possible  thau  that  the  whole 
world  was  eubinerged  at  one  time.  The  author  concludes  with  some 
remarks  on  a  recent  paper  by  Mr.  A.  Tjlor. 

6.  "Notes  OB  the  Gasteropoda  of  the  Guelph  Formation  of 
Cwinda."  By  Professor  H.  AUeyne  KicholBon,  M.D.,  D.So.,  F.K.S.E., 
F.G.S. 

The  author  notices  the  oocuiTenoe  of  the  Guelph  formation  aa  a 
Bubdirisioo  of  the  Niagara  aeries  in  Canada  and  the  United  States, 
and  deecribea  it  as  consisting  everywhere  of  a  cellular,  yellowish  or 
oream -coloured  dolomttio  limestoDe,  of  rough  texture  and  crystalline 
aspect,  oont«nitig  iimuinerable  cavitiee  from  which  foasils  of  various 
kiuda  have  been  disEolved  out.  Host  of  the  fossils  elill  existing  in 
the  formation  are  in  the  condition  of  casts.  The  roost  characteristic 
forms  which  have  been  recognized  in  it  are  Pentamcni*  oettdeiitaU* 
(Hall),  various  species  of  Trimerellidm,  JUegalomug  eanadentis  (Hall), 
species  of  Favoiiles  and  AmpUxut,  and  numerous  Gasteropods  be- 
longing chiefly  to  the  genera  Ifurciiifonia,  J'teurotomaria,  SiihuliUt 
and  Holopem.  Crinoida  and  CystidiaDs  and  Polyzoa  occur  abundantly 
in  some  localities. 

In  this  paper  the  author  describes  all  the  known  Gasteropoda  of 
the  Guelph  formation  in  Canada,  including  the  following  pre^•io^8ly 
dt>acribed  speoJea: — Jfuroibiaotita  LogaiUi  (Halt).  JSl  turri^forwui 
(Hnll),  ]ir.  macTOtpira  (Hall),  Jff.  hitiiiata  (Halll,  M.  longisplra 
(Hall),  J/,  vilellia  (Hillings),  J/,  ffprnjm  (Hillings).  Cycloutma^ 
e!ev<ila{B.allj,  IToIoppa  giielplieim»{liiniugs).  Il.gi-acia  (Billing), 5ii- 
buUlea  vrmlricomm  (Hall),  nud  J'kiirolomaria  »ohirioiiiea  (Hnll).  As 
now  species  lie  describes  Ifurehitonia  Moylei,  distinguished  from  M. 
turrllij'o}-mis  (Hall)  and  ,1/.  esteUa  (Billings)  by  its  more  rapid  rate 
of  expansion,  its  apparently  canaliculated  suture,  and  the  existence 
of  an  angular  band  a  little  above  the  suture ;  and  ffolopea  T  oeei' 
dentaUe,  diatiiignished  by  its  short  but  elevated  spire,  its  large  hodj- 
whorl,  which  hecomes  almost  disjunct  at  the  aperture,  its  circular 
aperiure  and  large  umbilicus.  The  tipper  wlhsrls  are  convex,  but  the 
body-whorl  is  obtusely  angulafed  at  about  its  upper  fourth.  Un- 
certain species  of  Mnrckiionia  and  PUurotomaria  are  also  indicated. 

7.  "  DeBcri]>tion  of  a  New  Genus  of  Tabulate  Coral."  By  G.  J. 
Hinde,  Esq.,  F.G.S. 

The  coral  described  by  the  author  as  constituting  a  new  genus  of 
Favosilidffi,  for  which  he  projKises  the  name  of  SpharoUlet,  \ia&  a 
massive,  free  corallum,  consisting  of  minute,  polygonal,  closely  united 
oorallitcs,  growing  in  all  directions  from  a  central  point,  forming  a 
sjiheroidal  liody.the  entii-Q  surface  of  which  is  occupied  by  the  calices 
of  the  corallites.  The  walls  of  the  ooi-allitos  are  very  delicate,  with 
lumieroua  jwres ;  tho  tabula;  are  incomplete,  formed  by  dehcate 
arched  Inmelloj ;  and  there  are  no  septa.  From  Chasteiei  this  genus 
is  distinguished  by  the  perforated  walls  and  incomplete  aiched 
tabula; ;  from  Facosttes  it  differs  in  its  mode  of  growth  and  its  in- 
c'>mj'Ietc  tabula; ;  and  from  Afichelinia  it  is  separated  by  the  minute- 
ness of  its  corallites,  and  Vlnj  Bbsftnca  ol  e\i\\ix<K,ii,  and.  of  septal  strie. 
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The  single  species,  wbich  is  named  5.  Nickolscmi,  is  from  calcareous 
shale  of  Lower  Helderbeig  (Ladlow)  age^  near  Dalhonsie,  iu  New 
Bmnswick. 

8.  "  On  ihe  Saperficial  Geology  of  the  Central  Begion  of  North 
America."  By  G.  M.  Dawson,  Esq.,  Assoc.  B.S.M.,  Geologist  to 
H.M.  North  American  Boondary  Commission.  Communicated  by 
Dr.  Bigsby,  F.R.8.,  F.G.S. 

Physical  geography  of  the  region, — ^The  r^on  under  consideration 
is  that  portion  of  the  great  tract  of  prairie  of  the  middle  of  North 
America  from  Mexico  to  the  Arctic  Sea,  which  lies  between  the 
49th  and  ooth  parallels,  and  extends  from  the  base  of  the  Bocky 
Mountains  to  a  ridge  of  Lauren  tian  rocks  that  runs  N.W.  from  Lake 
Siroerior  towards  the  Arctic  Seas,  and  is  called  by  the  author  the 
"  Laurentiam  axiaJ* 

This  plateau  is  crossed  by  two  watersheds  ;  one,  starting  from  the 
base  of  the  Bocky  Mountains  at  about  the  49th  parallel,  runs  due 
east  to  the  105th  meridian,  when  it  turns  to  the  S.E.,  dividing  the 
Bed  Biver  from  the  Missouri;  the  other  crosses  from  the  Bocky 
Mountains  to  the  Laurentian  axis  near  the  o5th  paralleL  The 
whole  region  between  these  two  transverse  watersheds  slopes  gra- 
dually eastward,  but  is  divisible  into  three  prairie  steppes  or  plateaus 
of  different  elevations.  The  lowest  includes  Lake  Winnipeg  and  the 
valley  of  the  Bed  Biver ;  its  average  altitude  is  800  ft.  The  second, 
or  the  "  Great  Plains,*'  properly  so  called,  has  an  average  ele- 
vation of  1600  fl.  The  third  or  highest  is  from  2500  to  4200  ft 
above  the  sea,  and  is  not  so  level  as  the  other  two. 

Oiacial  phenomena  of  the  Laurentian  axis. — The  neighbourhood  of 
the  Lake  of  the  Woods  is  taken  by  the  author  as  furnishing  an 
example  of  the  glaciation  visible  in  many  parts  of  the  Laurentian 
axis.  This  lake  is  70  miles  long,  and  has  a  coast  line  of  300  or  400 
miles.  The  details  of  its  outline  closely  follow  the  character  of  the 
rock,  spreading  out  over  the  schistose  and  thinly  cleavable  varieties, 
and  becoming  narrow  and  tortuous  where  compact  dioritio  rocks, 
greenstone,  conglomerate,  and  gneiss  prevail.  The  rocks  both  on 
the  shores  and  the  islands  in  the  lake  are  rounded,  grooved,  and 
striated.     The  general  direction  of  the  striae  is  from  N.E.  to  S.W. 

Drift  Plateau  of  Northern  Minnesota  and  Eastern  Manitoba, — ^This 
plateau  consists  of  a  great  thickness  of  drift  deposits,  resting  on  the 
gently  sloping  foot  of  the  Laurentian,  and  is  composed  to  a  depth  of 
60  feet  or  more  of  fine  sands  and  arenaceous  clays,  with  occasional 
beds  of  gravel  and  small  boulders,  probably  reposing  throughout  on 
boulder-clay.  The  only  fossil  found  was  a  piece  of  wood  apparently 
of  the  common  cedar  {Thuja  occidentaUs). 

The  surface  of*  the  plateau  is  strewn  with  large  erratics,  derived 
chiefly  from  the  Laurentian  and  Hurouian  to  tlie  north  ;  but  there 
are  also  many  of  white  limestone.  The  fossils  in  some  of  the  latter 
being  of  Upper  Silurian  age,  the  author  is  inclined  to  believe,  with 
Dr.  Bigsby,  that  an  outcrop  of  Upper  Silurian  is  concealed  by  the 
drift  deposits  in  the  Lake  of  the  Woods  region. 

Lowest  Prairie  Level  and  Valley  of  the  Bed  BiDeT, — ^T\^\a  ^T»rf^ 


B^  Reports  an.l  Proceedings —  ^H 

Iprosents  nn  nppofiraniM  of  pei-rect  horinontalily.     Tlie  soil  con»u1fl 
P  of  fine  silty  depoBits,  arranged  in  thia  horizontal  beds,  resting  on 
I  till  or  boiildor-clay.     Stones  were  exceeilingly  rare.     The  weBtem 
\  escarpment  wns  teimced  and  covered  with  bouldora.     It  is  therefore 
f   probable  tbnt  this  prairie  is  tbe  bed  of  a  preglacial  lake. 
f        Tlie  Second  Prairie  Plaiwv.  \s  tbiokly  covered  with  drift  depo»its, 
■which  consist,  in  great  part  of  local  dfibris,  derived  from  the  under- 
1    lying  soft  foi-matjous,  mixed  with  a  cousiderable  qaantity  of  trans- 
ported material,  especially  in  the  upper  Inyers.     Large  erratics  are 
'    in  places  abundant;  they  consist  mainly  uf  Latireiilian  rooks,  but 
[    Silurian  limestone  also  abounds.     Tlie  following  is  tbe  ner-oenl&ge 
\    of  the  bouldera  from  tbe  different  formutious  present  in  tbe  drift : — 
[    X-aurentiaii  28  49.  Huronian  9'71,  Limestone  6401.  Quartwto  Drift 
!     1-14,     The  last  is  derived  from  the  Eocky  MounUius,  tbe  otiier 
three  from  the  Laawnlian  axis.     There  are  also  on  the  surface  ef 
this  plateau  some  remarkable  elevated  regions,  apparently  entirely 
composed  of  aoonmulate<]  drift  materials. 

JTdj/e  of  lh«  Third  Prairie  PlaUaa,  or  the  3fi$eouri  Cole/tv,  is  a  mva 
of  glacial  debris  and  travelled  blocks  averaging  from  30  to  40  railM 
in  breadth,  and  extending  diagonally  across  the  couatrj-  for  n 
distanco  of  about  800  miles. 

Third  or   Highest  Plateau. — Therfl  is  a  marked  change    in  ths 
^drift  on  Dub  pUteao,  Oie  guarhiU  dr^i  of  the  Booky  Houittains  pre- 
ponderating, seldom    showing  much  glaoiation.      Its  general  dm- 

Lanrentiaii  2T'Uo,  IIiiroiii;in  V  Limestone  l.i-81,<Jii;irt:iite  drift  5210. 
Some  of  the  lower  part-s  of  this  sto|)pe  sliow  tliick  deposits  of  true 
till  with  wetl-glnciatod  stones,  both  from  the  iiiount,iins  .tnd  the  easi, 
and  di'bris  fioni  nudorlying  Tertiary  lieds,  all  in  a  bard  yellowish 
M^nidy  matrix.  On  the  higher  prairie  sloping  up  to  the  Hoeky 
Moiintniiis  the  drift  ie  entirdy  composeil  of  material  derived  from 
them 

The  Jtocky  Jloanlaius  themselves  show  abundant  traces  of  gla'.'ia- 
tion.  Nearly  all  tlio  valleys  hold  remnants  of  nmrnines,  aonio  of 
thcni  slill  voi-y  perfect  T!io  banler  roi;ks  show  the  nsu.il  i-ounded 
forms,  but  strialion  ivas  only  observed  in  a  single  locality,  and  there 
coincided  with  the  main  direction  of  the  valley.  The  longer  valleys 
generally  torminato  in  eiiqiws,  with  almost  perponilicular  rook-walla, 
and  containing  small  hut  deep  lakes. 

Stnic  of  Ihc  interior  re^lo't  of  the  coiiliiiaii  prerious  to  the  Glacial 
Pcrio'l— The  author  considers  that  previous  to  the  glacial  eiwli  tlii! 
country  was  at  aWit  its  present  elevation,  and  that  its  main  tihvsic-il 
features  and  river-drainage  were  .already  outlined.  Subaurial  di- 
nudatiiin  had  been  in  operation  for  a  vast  ]icriod  of  time,  and  uii 
enornioUB  maws  of  Tertiary  and  Cret.aceous  strata  removed, 

.Vi«h  of  Uhciali'Xi  a.,.1  F.,n>wlio>,  of  the  ])nft  D'-p„s!ls.~-Th: 
author  did  not  find  any  evidence  rendering  the  supposition  of  a 
great  niirlhorn  ice-cap  ni;ccss,iry,  but  Kiig^csls  lh:i1  local  glaciers  on 
the  Laurcutian  axis  furnishcrl  icebergs  laden  with  boidders.  wliie!i 
ii'ore  flo.it-ed  across  Uie  l\vuu  swXjvttwjviA  ^vaivics  towards  the  lEocky 
tfotintams. 


9.  "  On  sorno  important  Facts  connected  with  the  Bouldei-s  and 
Drifts  of  the  Eden  Valley,  and  their  bearing  on  the  Theory  of  a 
Melting  Ice-sheet  charged  throughout  with  Bock-fragments."  By 
D.  Mackintosh,  Esq.,  F.G.S. 

In  this  paper  the  main  object  of  the  author  is  to  defend  generally 
received  opinions,  especially  as  regards  the  great  glacial  submergence, 
in  opposition  to  the  theory  announced  in  the  Quart.  Joum.  Geol. 
Soa  for  last  February  (vol.  xxxi.  p.  65),  He  brings  forward  a 
number  of  facts  and  considerations,  founded  on  repeated  observations, 
to  show  that  the  dispersion  of  Criflfell  granite-boulders  is  so  inter- 
woven with  that  of  boulders  of  porphyry  and  syenite  from  the  Lake- 
district  as  to  be  incompatible  with  the  theory  of  transportation  by 
currents  of  land-ice;  and  that  the  limitation  of  Criffell  boulders 
along  the  S.E.  border  of  the  plain  of  Cumberland  to  about  400  feet 
above  the  sea-level  is  inconsistent  with  the  idea  of  a  boulder-charged 
ice-current  2400  feet  in  thickness.  He  likewise  calls  attention  to 
the  interweaving  of  Criflfell  with  Shapfell  granite  in  the  lower  part 
of  the  Eden  Valley  at  too  acute  an  angle  to  be  satisfactorily  explained 
by  upper  and  under  currents  of  land-ice.  He  remarks  that  Mr. 
Ooodchild  has  not  taken  into  account  the  dispersion  of  numerous 
Shap-granite  boulders  over  ground  at  least  1300  feet  above  the  sea- 
level  as  far  south  as  Milnethorpe.  He  defends  the  idea  of  a  special 
dispersion  of  surface-blocks  of  Shap  granite,  and  believes  that  the 
limited  altitude  they  have  reached  on  Stainmoor  is  opposed  to  the 
theory  of  a  boulder-charged  ice-currftit  2300  feet  in  thickness,  while 
an  ice-current  only  1600  feet  in  thickness  on  Stainmoor  could  not 
have  persisted  in  carrying  the  boulders  over  opposing  eminences  as 
far  as  Bridlington  on  the  Yorkshire  coast  The  author  still  further 
believes  that  the  sudden  disappearance  of  the  ice-sheet  can  be  better 
explained  by  the  encroachment  of  the  sea  than  by  the  subaerial 
melting  of  the  ice.  But  his  main  argument  against  the  theory  of 
land-ice  "charged  throughout  with  rock- fragments  of  all  sizes"  is 
derived  from  the  purity  of  the  interiors  of  existing  ice-sheets ;  and 
he  quotes  Professor  Wyville  Thomson  in  support  of  his  statements. 

10.  "Observations  on  the  unequal  distribution  of  Drift  on  oppo- 
site sides  of  the  Pennine  chain,  in  the  country  about  the  source  of 
the  river  Calder,  with  suggestions  as  to  the  causes  which  led  to  that 
result,  together  with  some  notices  on  the  High-level  Drift  in  the 
upper  part  of  the  Valley  of  the  river  Irwell."  By  John  Aitken, 
Esq.,  F.G.S. 

ITie  author,  in  calling  attention  to  the  unequal  distribution  of  the 
drift  on  the  opposite  side  of  the  Pennine  chain  in  this  district, 
points  out  that  on  the  western  side  of  that  range  an  extensive  series 
of  drift-deposits  is  found,  spreading  over  the  great  plains  of  Lan- 
cashire and  Cheshire  down  to  the  Irish  Sea.  It  also  occurs  on  the 
west  flanks  of  the  chain  at  elevations  of  from  1100  to  1200  feet, 
thus  rising  several  hundred  feet  above  the  watersheds  of  some  of 
the  valleys  penetrating  that  elevated  region.  On  the  eastern  side, 
however,  there  is,  with  one  or  two  slight  exceptions,  an  entire 
absence  of  such   accumulations,  even   in   the   most   sheltered  aivd 
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fovourablo  situntiOns,  for  a  disteiice  of   12  or  15  mllei  from  ttu 

water-parting  of  the  country. 

Thia  absence  of  drift  on  the  eaatom  Bitlo  mighl,  the  Ruthor  con- 
Bider§,  be  satiBfftctorily  ttcoonnted  for  by  siipposing  tlytt  tLe  trans- 
verse valleys  of  tbe  chain  were,  daring  the  glacial  epoch,  cDDipletcly 
blocked  np  with  congealed  snow  or  ice,  by  which  means  all  com- 
munications between  the  opposite  aides  of  the  range  would  be 
entirely  cut  off.  The  southward  flow  of  the  ice,  which  was  probablj 
not  so  thick  as  to  cover  the  higher  portions  of  the  diain,  would,  on 
encountering  snoh  an  obstacle  to  its  progi«8s,  be  deflected  west- 
wards,  and  finally  debouch  into  the  plains  of  South  Lancashire,  and 
would  there  deposit  on  its  retreat  tlie  debris  it  contained. 

11.  "  Ou  the  Granitoid  and  Agsooiated  Metamorjihic  Ruiiks  of  tbe 
Lake-district."     By  J.  Clifton  Ward,  Esq.,  M.A.,  F.G.S. 

Pabt  I.  On  the  Liquid  Cavitiet  in  the  QuarU-beariiig  Bodc»  of  tlit 
Lake-district. 

The  object  of  thia  paper  was  to  examine  into  the  evidence  afforded 
by  the  liquid  cavities  of  the  granitoid  rocks  of  the  Lake-distriot.  wilb 
reference  to  the  pressure  under  which  these  rocks  may  have  cnneoli- 
datod-  In  the  first  division  of  the  subject  the  geological  relations  e( 
the  three  granitic  centrea  of  the  district  were  considered,  end  it  wu 
,  shown  that  these  scvenit  granitic  masses  probably  Bolidlficd  at  depthi 
varying  irom  14,000  feet  to  30,000  feot.  Tbe  most  probable  maximM 
depth  for  tbe  Sliiildniv  granite  ivae  stated  ns  30,000  feet ;  the  maximum 
for  the  KskUule  granite  22,000  feet;  and  lor  the  bhap  granite  U.OOU 
feet-  Tliese  maximum  depths  were  arrived  at  by  estimating  the 
giH^atest  thickness  of  strata  that  were  ever,  at  one  time,  accumulated 
above  the  horizon  of  the  top  of  the  Skiddaw  slates. 

The  mode  of  microscopic  examination,  together  with  a  description 
of  t!ie  precautions  taken  in  meiisiiring  the  relative  sizes  of  the  cavities 
and  their  contained  vacuities,  formed  the  second  division  of  the  paper. 
It  was  stated  that  all  Hie  measurements  used  in  the  calculations  were 
made  from  cases  in  which  the  vacuity  mixed  freely  in  the  liquid  of  the 
cavity,  and  an  approximately  perfect  case  for  measurement  was  defined 
to  be  one  in  which  Uic  oulline  of  the  liquid  cavity  was  sharply  defined 
all  round  in  one  focus,  and  in  which  the  vacuity  moved  freely  to  every 
part  of  the  cavity  wiOiout  going  out  of  foctu. 

Then  followed  the  general  results  of  the  examination.  Bestricting 
the  measurements  to  such  cases  as  those  above  mentioned,  the  results 
were  found  to  be  generally  consistent  with  one  another,  and  with  those 
previously  obtained  by  Mr.  Sorby  in  his  exiimination  of  other  granitic 
districts.  From  the  fact  that  the  culculated  pressure  in  feet  of  rock 
was  in  all  eases  greatly  in  excess  of  the  pressure  which  could  have 
resulted  from  the  thickness  of  overlying  rocks,  it  was  inferred  as 
probable  that  these  granitic  masses  were  not  directly  connected  with 
volcanic  action,  by  which  the  pressure  might  have  been  relieved,  but 
that  the  surplus  pressure  was  spent  in  the  work  of  elevation  and  con- 
tortion of  the  overlying  rocks. 

Microscopic,  combined  with  field  evidence,  was  thought  to  indicate 
that  file  Shap  granite,  fcougH  iaa\'QV'5  feimed  at  a  depth  Blmilor  to 
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liat  at  which  the  EBkdale  granite  consolidated,  was  yet  itself  finally 
nuolidated  at  a  much  less  depth,  the  mass  having  eaten  its  way 
pwards  at  a  certain  point,  and  perhaps  representing  an  unsuccessful 
Sort  towards  the  formation  of  a  volcanic  centre. 

The  examination  showed  that  the  tnean  of  the  pressures  under  which 
le  Lake-district  granites  prohably  consolidated  was  nearly  the  same 
B  the  mean  which  Mr.  Sorby  arrived  at  for  those  of  Cornwall.  In 
inclusion  the  author  stated  that  he  wished  these  results  to  be  con- 
idered  as  preliminary  only,  since  the  complete  investigation  would 
ecessarily  occupy  far  more  time  than  was  at  his  disposal ;  at  the  same 
me  he  ventured  to  hope  that  general  accuracy  was  insured,  while 
ointing  to  the  many  little-known  causes  which  might  affect  the 
>nclusions. 

'abt  1L   On  the  Eekdale  and  Shap  GraniteB,  with  their  aBBoeiated 

Metamorphic  BoehB, 

The  author  brought  forward  evidence  in  this  Paper  to  prove  the 
oasibility  of  the  formation  of  granite  by  the  extreme  metamorphism 
r  volcanic  rocks.  The  passage  is  shown  in  the  field,  and  may  be 
tiserved  in  a  complete  series  of  hand  specimens.  Frequently,  indeed, 
le  actual  junction  is  well  marked,  but  in  other  oases  the  transition  is 
radual ;  and  there  occur  at  some  little  distance  from  the  main  mass, 
ilying  patches  of  what  may  be  called  Bastard  granite.  The  micro- 
sopio  examination  proves  the  passage  from  a  distinctly  fragmentary 
1^)  to  a  distinctly  crystalline  rock,  and  to  granite  itself.  Also  the 
lemical  composition  of  the  altered  rocks  agrees  very  closely  with  that 
f  the  granite. 

Both  Eskdale  and  Shap  granite  were  believed  to  have  been  formed 
utii/y  from  the  rocks  of  the  volcanic  series  by  metamorphism  at  con- 
derable  depths ;  but  the  granite  of  Shap  was  thought  to  be  in  great 
easure  intrusive  amongst  those  particular  beds  which  are  now  seen 
'oond  it.  A  decided  increase  in  the  proportion  of  phosphoric  acid 
as  noted  in  the  volcanic  rocks  on  approaching  the  granite,  and  a 
Hsrease  in  carbonic  acid. 

12.  **  On  the  Correlation  of  the  Deposits  in  Cefn  and  Pontnewydd 
Aves,  with  the  Drifts  of  the  neighbourhood.''  By  D.  Mackintosh, 
sq.,  F.G.S. 

Believing  that  the  time  has  arrived  for  making  some  attempt  to 
^rrelate  cavern-deposits  with  glacial  and  interglacial  drifts,  the  author 
mtures  to  bring  forward  the  results  of  a  personal  examination  of  the 
ninants  of  the  deposits  in  Cefn  and  Pontnewydd  caves,  compared 
Lth  old  accounts  given  by  Mr.  Joshua  Trimmer  and  others.  He  has 
ten  led  to  regard  the  following  as  the  sequence  of  deposits  before  the 
ves  were  nearly  cleared  out  (order  ascending) : — 1.  Loam  with  bones 
id  smoothly  rounded  pebbles,  nearly  all  local  (cemented  into  conglom- 
ate  in  Pontnewydd  cave).  As  a  few  foreign  pebbles  of  felstone  have 
ten  found  in  this  bed,  it  could  not  have  been  deposited  by  the  adjacent 
ver  Elwy  before  the  great  glacial  submergence ;  and  the  author  gives 
asons  for  believing  that  it  was  not  introduced  by  a  freshwater  stream 
3m  the  boulder-clay  above  in  Postglacial  times,  but  that  it  may 
tssibly  represent  the  middle  drift  of  the  plainfi,  and.  tq&^  \\a;:<%^\MS^ 
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washed  in  by  tUe  sea  during  the  rise  of  the  Innd.  After  i»iietf|^U», 
Bnd  during  a  comparatively  mild  inlcrglacial  period,  bone?  of  animala 
may  hove  been  introduced  by  rain  through  fissures  in  the  roof  of  the 
cave,  and  these  may  have  become  partly  mixed  up  witti  the  nnderlying 
pebbly  deposit.  2.  Stiilagmite,  from  leas  than  im  inch  to  two  feet  in 
thickuesa.  oucumulatod  diirint;  a  continuance  of  farouruble  Dondition« 
(apparently  absent  in  Pontocwydd  cave).  Bones  of  animals  were 
again  brought  it!  by  ruin  or  by  hyicnns,  and  were  nftprwarda  worked 
up  into  the  following  depo«it; — S.  Clay,  with  bones,  angular  and 
eubangular  frdgments  of  limestone,  pehblea  of  Denbighshire  sandstone, 
felstone,  etc.  (palreolithio  ftint-implements  and  a  human  tooth  in 
Foutnewydd  cave  according  to  Froftissor  T.  U'Eenny  Hughes).  Tbis 
day  once  filled  the  Cefn  cave  nearly  to  the  roof.  There  are  reason* 
for  believing  thiit  it  was  principally  iotrodaceil  through  the  mouth 
of  the  eave,  tliat  it  is  of  tlie  aame  age  with  the  neighbouring  upper 
boulder-clay,  and  that  it  is  not  a  freahwater  rcdcposit  of  that  day. 
It  was  probably  washed  in  during  a  second  limiti-d  submergence.  1. 
Loam  and  coarse  sand  charged  with  minute  fragments  of  seti-shella. 
Portions  of  this  deposit  may  still  be  found  in  the  Cetn  cave ;  and  it 
may  have  been  introduced  through  fissures  in  the  roof  by  the  sea  u 
the  land  was  finally  emerging. 

13.  "  Geological  Notes  from  the  State  of  New  York."  By  T.  Q.  B. 
U^d,  Ksq.,  C.E.,  F.G.S. 

The  sumtaacfl  of  this  paper  oomprisetr  notei,  acmmpaiiiBd  ^ 
drawings  and  sketohra  of  various  matters  of  geological  interest  which 
fell  iiiidir  th^  imlhor's  obsfivution  wliildt  iv.~i(imt;  wtuc  vuiirs  !.go  iu 
the  State  of  Kew  York. 

The  diflVrent  subjects  are  divided  under  (he  following  heads: — 

(1)  Gi-oovingsundchainielingsinliniestoiiu  runniug  across  the  bed  of 
Black  River  at  Watertowu,  Jefferson  Co. 

(2)  DesfHplions  of  the  superficial  beds  of  boulder- clay,  sand,  ami 
gravel  whicli  ivci'c  exposod  to  view  in  the  district  around  the  vilhigc  of' 
Theresa  during  the  construction  of  the  Black  River  and  Morristown 

(3)  A  description,  with  a  general  and  detailed  drawing  to  scale,  of  a 
reiiiiirkalile  "(liaul's  Kettle"'  near  O.xbow,  iji  Jell'ersoD  Co.  It  has 
been  excavated  out  of  a  ma^s  of  Laurenlian  gneiss,  which  now  forms 
a  precipitous  cUlf,  about  100  fe-et  above  the  river  Oswcgatchie.  The 
kettle  is  28  feet  in  depth,  with  an  average  width  of  about  8  or  9  ll-et. 
It  presents  a  striking  resemblance  in  form  to  some  of  those  occurring 
near  Christiaiiia. 

(4)  An  account  of  some  peculiiir  llowcr-pot  shaped  blocks  of  sand- 
stone discovered  in  a  quarry  of  Totsdiim  sandstone  nt  the  village  of 
Theresa,  The  quarry  is  situated  upon  the  summit  of  a  nanow  gorge, 
througii  which  the  Indiaa  river  jiasses.  The  bed-rock  is  a  liani, 
nhitjsh-cidijurcd  sandstone,  .'tiiaked  with  oxide  of  iron,  and  pusfcs  iu 
jibiccs  info  qiiiiitzite.  The  blocks  of  stone,  aa  extracted  hv  the  quanr- 
niin,  were  shaped  like  eheeses.  One  of  ihcm  meiisured  2  feet  'in 
diameter  at  the  top,  and  I  foot  fi  inrbcs  au■o^s  the  bcitLom,  Their 
deplhs  varied  with  the  thickness  of  the  beds  ..f  roek  from  which  thtv 

^wetc  extracted.     They  were  "ioalcd  \';W\  a.  Uiin  crust  of  o.^idc  of  iron. 
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liere  were  no  signs  of  any  markiDgs  upoD  them.  Prof.  James  Hall, 
f  Albany,  has  informed  the  author  that  the  true  nature  of  the  blocks 
emains  doubtful. 

The  author  in  conclusion  refers  to  a  statement  in  a  paper  on  Niagara 
y  Mr.  Belt,  F.G.S.,  published  in  the  Quart.  Journal  of  Science  for 
Lpril,  1875,  in  which  it  is  stated  that  the  sections  described  as  occur- 
ing  near  tlie  Falls  are  typical  of  the  superficial  beds  that  mantle 
ie  whole  of  the  northern  part  of  the  State  of  New  York  and  Ohio 
ad  much  of  Canada.  He  is  unable  to  find  any  description  of  a  deposit 
'hich  bears  a  near  resemblance  to  the  boulder-clay  occurring  in  the 
istrict  around  the  Tillage  of  Theresa,  in  the  descriptions  of  various 
uthors  of  the  superficial  deposits  of  the  northern  part  of  the  State  of 
few  York  and  Canada.  He  therefore  ventures  to  remark  that  no 
action  can  be  considered  as  typical  of  tho  whole  of  the  north  part  of 
36  State  of  New  York  which  4oes  not  recognize  the  existence  of  the 
eposit  in  question. 

14.  "On  a  Vertebrate  Fossil  from  the  Gault  of  Folkestone,  which 
Iso  occurs  in  the  Cambridge  Ghreensand."  fiy  Prof.  H.  G.  Seeley, 
•Xi.S.,  F.G.S. 

The  author  describes  a  bone  having  the  general  form  of  an  incisor 
)oth  obtained  from  the  Gault  of  Folkestone  by  Mr.  J.  S.  Gardner, 
'.G.S.  The  flattened  cylindrical  end  of  a  specimen  from  the  Cam- 
ridge  Greensand  has  been  figured  as  a  caudal  vertebra  of  PterodactyluB 
'mus.  A  microscopic  section  of  the  expanded  end  of  a  specimen  from 
le  Cambridge  Greensand  exhibits  ordinary  osseous  tissue,  showing 
lat  the  fossil  is  probably  a  dermal  spine  from  the  tail  of  a  Dinosaur, 
'he  Gault  specimen  is  smaller  than  the  examples  from  Cambridge. 
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624  Correspondence — Prof.  Hull,  rfc. 

DOUl.DEn-CLAT  IN  IKELAND. 

Sin, — I  can  assure  Mr.  Uirda  that  he  is  perfectly  correct  in  sup- 
posing that  there  is  au  Upper  Boulder-clay  in  Ireland,  F(«tiiig  on 
"Middle  Sands  and  Gravels;"  and  these  again  on  the  Lower  Bonlder- 
clay  or  'fill.  Tlie  general  aeries  is  preoiaely  similar  to  that  of  the 
North-west  of  England,  to  which  he  refers  in  his  letter  iu  the  Gkoi. 
Mag.  for  September  lost  (p.  429).  If  foiiner  sectinus  which  I  had 
examined  had  left  any  doubt  on  this  question  on  my  nfiind,  it  would 
have  been  removed  on  seeing  the  section  of  tlie  Poat-PUoocne  beds 
laid  open  at  the  marble  quarries  of  Kilkenny,  shown  to  me  tliis 
Hummer  by  Mr.  Hardman,  of  the  Geological  Survey.  Tltia  and 
other  sections  in  the  district  tend  to  prove  that  the  Upper  Boulder* 
clity  occupies  a  considerable  extent  of  surface  in  that  part  of  Ireland. 
As  this  fine  section  will  probably  be  described  iu  det;til  by  Mr. 
Hanlman  himself,  I  shall  not  further  allude  to  it,  than  to  say  tbat 
it  puts  ont  of  court  any  future  attempts  to  call  in  question  the 
succession  of  the  Drift  series  as  given  alrove. 

The  "Esker  Drift"  so-called,  I  consider  to  1m  later  than  the  Dpper 
Boulder -clay,  and  is  only  a  remodelled  form  of  the  true  Drift-betU. 
6,  KaqunBoas,  Dfblih,  10  Sept.  ISTS.  Edwabs   Hl'LI. 

MR.  BONNEY  ON  GLACIAL  EROSION. 

Sib, — On  this  subject,  in  this  montb's  Number.  Sir.  Bonnejr  is  as 
fall  of  sound  sense  as  tuusJ.  &\it  as  regards  tlie  toideain^  of  u{>laiid 
valleys  I  wi.sh  that  I  could  persuade  him  thnt  there  is  no  necesMty 
for  ■'  the  vijlumo  ol  the  stream  being  formerly  greater,"  or  for  "  the 
slow  motion  of  tlie  river  fumi  one  side  of  llie  valluy  to  the  other," 
and  to  substitiilc  "  atmospheric  and  rain  orosion  "  for  "  fluviatile 
crdsion."  I  never  licard  of  wliat  Mr.  Goodchild  calls  "  the  spriug 
theory "  for  forming  cliffs  and  iciiloihiij  valleys.  He  indeed  con- 
troverts the  theory,  in  which  I  most  cordinlly  agi'ce  wilh  liim. 
But  docs  any  one  bold  it  ?  If  so,  who  ?  Springs  cut  channels,  but 
what  ictJitiH  these  channels  into  valleys  is  atmospheiic  disintegralion 
and  the  erosion  of  rain.  For  this  reason  tlie  sanio  valley  is  always 
narrow  directly  as  the  bardiiesa  of  the  strain  and  wide  directly  as  its 
Holiness.  So  in  rocky  strala  cliffs  and  rock  leilges  will  be  forcued  ; 
in  solt  strata  smooth  sloping  sides ;  hut  if  the  widening  of  valleys 
resulted,  as  Sir.  Goodcbild  says,  from  "  mt-ehanical  means,"  the  soft 
strnta  lihoiild  form  cliffs  and  ledges  an  well  as  the  hard  ones. 

](iiuoii«  o.iii  I'auk,  Alii  hi.  roan,  GnOltGE  GbeeswooD,  Colonel. 

Geological  Suhvby  of  Inoh. — We  are  glad  to  be  able  to  an- 
nounce tlio  promotion  of  Hr.  King  to  tlie  first  grade  of  this  dcimrt- 
ment,  and  of  Messrs.  Hughes  and  Willson  (tlie  latter  fonnerly  of 
tlie  Geidogical  Survey  of  Ii-eland)  to  tJLc  second  grade.  We' are 
also  glad  to  see  that  Dr.  W.  Waagen  has  succeeded  to  the  separato 
appointment  of  Paloiontologiat  left  vacant  by  the  lamented  death  of 
Dr.  Stoliczka.  With  Dr.  'Wa.igen  and  the  recent  additions  to  tlie 
st,tlT  of  51r.  H.  Lydekker  and  Dr.  0.  Feistniantel,  the  Indian  Survey 
may  bo  congratulated  upon  its  great  palffiontological  strength. 
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L 05    THB    FOBMEK    CuXATS    OF    THE    PoLAB    REGIONS.^ 

Bj  Prof.  A.  £.  XoKDEXsKXoLD,  For.  Corr.  GeoL  Soc.  Lond.,  etc.,  etc. 

ONLY  a  few  years  ago  it  was  looked  upon  as  an  article  of  faith 
among  geologists,  that  the  whole  globe  was  once  in  a  melted  incan- 
descent state,  and  that  the  conditions  of  temperature  now  prevailing 
<m  the  surface  of  the  earth  have  been  in  process  of  time  produced 
by  the  slow  gradual  cooling  of  the  once  fused  and  glowing  mass. 
It  then  appeared  so  natural  that,  in  consequence  of  the  earth's  in- 
ternal heat,  a  tropical  climate  should  extend  from  pole  to  pole,  that 
no  special  weight  was  attached  to  the  evidences  of  this  fact  which 
geology  was  at  that  time  able  to  produce.  Tlie  Dane  Giesecko's 
and  the  English  Scoresby*s  specimens  of  fossil  plants  from  the  east 
and  west  coasts  of  Greenland,  evidencing  a  warm  climate  there, 
attracted  so  little  attention,  that  neither  they,  nor  the  fossil  re« 
mains  of  Saurians  found  by  the  famous  Arctic  traveller  Sir  Edward 
Belcher  in  the  American  Polar  Archipelago,  could  be  found  in  the 
museums  to  which  they  had  been  confided. 

It  was  not  till  geologists  had  become  fully  convinced  that  the 
grradnal  transition  from  the  time  when  a  warm  climate  was  supposed 
to  have  prevailed  over  the  whole  earth  and  the  present  time  has  at 
least  once  been  interrupted  by  a  period  during  which  the  greater 
part  of  the  European  and  American  continents  were  covered  by 
mighty  glaciers,  that  the  geological  theory  of  climates  was  taken  up 
with  real  interest.  People  began  gradually  to  perceive  that,  even 
supposing  the  earth  really  to  have  once  been  in  a  state  of  glowing 
fusion,  the  cooling  must  already  at  the  Cambrian  and  Silurian 
epochs  have  proceeded  so  far  that  the  quantity  of  heat  which  the 
earth  lost  by  radiation  was  fully  compensated  by  that  which  it  re- 
ceived fi-om  the  other  heavenly  bodies.  It  has  also  been  supposed 
that  the  cause  of  the  Glacial  period — when  vast  ice  mountains  scat- 
tered boulders  from  Scandinavia  over  the  plains  of  Northern 
Germany,  and  when  the  Swiss  Alps  formed  the  centre  of  an  icy 
desert  similar  to  the  present  Greenland — is  to  be  sought  for  in  some 
trifling  changes  in  the  form  of  the  earth's  orbit  and  the  inclination 
of  the  Equator,  which  have  taken  place,  and  continue  to  take  place, 
periodically  after  the  lapse  of  thousands  or  hundreds  of  thousands 
of  years.     The  same  causes  which  have  once  produced  the  Glacial 

^  A  Lecture  delivered  at  the  Anniversar)'  Meeting  of  the  Royal  Swedish  Academy 
of  Science,  March  31,  187«3. 

DECAD£  II.— VOL.  II.— >0.  XI.  "^V 


r 


B2G      Prof.  Nordmskiold^ Former  Climate  of  Polar  Regions. 

period  hiivo  thus  liappened,  not  only  during  this  last  period  nearer 
to  our  own  time,  but  alaa  many  times  before;  and  there  is  reasOQ 
to  Buppose  that  they  were  also  then  followed  by  somewhat  simil.ir 
resulU, — that  is  to  eay,  that  the  cold  and  the  vrana  eras  have 
many  limea  alternated  on  tlio  siirfnoo  of  tho  earth.  In  oonaequcnro 
of  tliifl,  it  has  become  a  maltcr  of  the  titmost  importance  to  scienco 
to  obtain  by  veal  observation  nctJurate  informotiou  as  lo  the  stale  of 
teniperatuie  on  the  earth's  surface  during  as  many  of  the  different 
geological  periods  as  poesibie.  When  in  our  days  a  scientific  qiies- 
tiou  is  aoriously  proiiouuded,  it  is  seldom  long  before  it  is  answore^l ; 
and  even  in  the  instance  before  us  wo  have  of  lalu  years  received 
numerous  contiibn lions  to  geological  climatology  from  lands  tbo 
geoffrajihical  eituation  of  which  in  tho  neighbourhood  of  the  Poia 
renders  them  best  fitted  to  yield  information  of  thie  kuid. 

The  geology  of  tho  polar  tracts  can  in  two  difTeront  ways  supply 
US  with  information  concerning  the  former  climate,  partly  by  a  oim- 
parison  of  the  fossil  animals  and  plants  tliero  found  with  eiisfing 
Airma  that  live  under  certain  determinate  climatic  conditions,  partly 
by  an  accurate  examination  of  the  Tarious  slnita  of  different  geclo- 
gical  ages,  with  a  view  to  ascertain  whether  these  present  any  of  the 
indications  which  usually  distinguish  Glacial  formations. 

Wo  now  possess  fosBil  remains  from  the  polar  regions  beloog'mg 
lo  ftlmoBt  all  the  perioda  into  wlui^  the  geologist  haa  divided  tlis 
'  liistory  of  the  earA.  The  Biluritui  foisUs  which  MoGlintock  brot^lit 
hoiiiQ  from  the  AmciiLTiii  ToUir  Arcliijielafio,  and  the  nen,nn 
liaturalisls  I'l-om  Xovaja  Scmlja,  iis  also  some  probably  Devonian 
remains  of  fish  foun.l  by  tlie  Swc.Iish  I^Npcditions  on  the  coasts  of 
Spifzbcij;cn,  are,  howcvcv,  too  few  in  number,  and  lieloiig  to  forms  too 
far  i-omuvcd  from  thoso  now  living,  to  furnish  any  sure  infurmalion 
lelativo  to  tlio  clim^itc  in  which  they  have  lived. 

Immediately  ;ifl(v  the  tcnninatioii  of  Ibe  DevduiEin  age,  nn  ex- 
tensive eonlincnt  seems  to  have  been  formi-d  iu  the  pdlar  basin  ni^rlli 
of  Europe,  nnd  we  still  iind  iu  Decren  Isl.m.l  ami  Siiitzhcrgen  viist 
strata  of  slate,  sandstone,  and  coal,  lielongitig  to  that  pciiud,  ia 
which  lire  .imbedded  nbnnd.mt  remains  of  a  luxuriant  vogetatioc, 
which,  as  well  Jis  several  i>f  tlio  fnssil  i'lmt-rem:iius  brongbt  from 
the  i>olar  ivj^ions  by  (lie  Swcilish  Expeditions,  liavo  been  e.'iaiiiiiiM 
and  dcsrribed  by  I'rof  Ileor  of  Ziirich.  Wo  hero  certainly  iiitet  wiib 
forms,  vast  S'l-jilturia,  Catamites,  nnd  S|iccies  of  hejihloddiilya,  ite., 
which  have  no  exactly  coiTCsponding  rcpresentalivea  in  the  u>w 
existing  plants.  Colossal  and  luxuriant  forms  of  vegetation,  liu«'- 
ever,  imticafe  a  climate  highly  favourable  to  vegetable  devL'loji- 
nient.  A  careful  examination  of  the  (wtrifnctions  taken  from  i Iks* 
strata  shows  also  so  accurate  an  agreement  with  the  fossil  pinnis  of 
the  same  jioriod  found  in  many  parts  of  tho  Continent  of  Ceutriil 
Europe,  that  we  arc  obliged  to  concludo  that  at  that  time  no  ap- 
preciable difference  of  climate  existed  on  the  face  of  the  carlli,  hut 
that  a.  uniform  climate  extremely  fivourable  for  vegetation — but.  not 
on  that  account  neeeasarily  tropical — prevailed  from  tUo  Equator  to 
the  roles. 
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Tlie  sand  and  slato  beds  here  mentioned  do  not  contain  any  marine 
3trifactions,  wlience  we  may  conclude  that  they  have  been  formed 
I  lakes  or  other  hollows  in  an  extensive  polar  continent  In  Beeren 
dand  and  Spitzbergen  they  are,  however,  covered  by  beds  of  lime- 
one  and  siliceous  rock,  which  fonn  the  chief  material  in  Beeren 
(land,  and  of  several  considerable  mountains  on  the  southern  side  of 
[inloopen  Strait,  and  the  innermost  bays  of  Ice-Qord  in  Spitzbergen. 
he  manner  in  which  these  mountains  rise  several  thousand  feet 
)ove  the  surrounding  snow  desert,  their  regular  form,  crowned 
ith  vast  masses  of  dark  volcanic  rock  divided  into  vertical  columns, 
le  siliceous  strata  forming  perpendicularly-scarped  terraces,  and 
10  tendency  of  the  calcareous  beds  to  fall  away  and  form  natural 
'ches,  give  to  these  mountains  the  appearance  of  ruins  of  colossal 
iciont  fortifications  and  temples,  unequalled  in  sublime  and  deso- 
to  magnificence.  Here,  indeed,  we  meet  with  the  monumental 
ravestone  of  a  long-past  age.  The  rock  is  in  fact  formed  almost 
itirely  of  shells  of  marine  mollusca,  fragments  of  Corals  and  Bryozoa 
\  the  age  of  the  Mountain-limestone.  We  have  then  here  not  only 
proof  that  the  ancient  polar  continent  sank  down  again  and  gave 
lace  to  a  deep  polar  ocean,  but  also,  in  the  correspondence  of  the 
»rala,  shells,  and  other  associated  organic  remains,  with  those  met 
ith  in  more  southerly  tracts,  an  indication  that  the  warm  polar 
iraate  remained  unchanged. 

The  Mountain-limestone  period  was  followed  by  an  era  during 
hich  the  nchest  coal-beds  of  England,  Belgium,  and  America  were 
rmed,  and  which  has  accordingly  received  the  name  of  the  Coal 
3riod.  A  now  distribution  of  land  and  water  had  now  taken  place, 
intinents  had  again  arisen  in  the  polar  tracts,  in  the  sandstones  and 
•gillaceous  strata  of  which  we  again  find,  at  Bell-sound,  on  the  western 
>a8t  of  Spitzbergen,  fossil  plants  that  bear  witness  to  a  rich  polar 
jgetation  developed  under  a  warm  climate.  Among  these,  however, 
e  miss  the  species  of  largo-leaved  fern  so  abundant  in  the  coal-beds  of 
ore  southerly  lands,  a  circumstance  which  may  possibly  indicate  a 
rtain  difference  of  climate  as  existing  at  that  epoch,  unless,  as  is 
oro  probable,  the  circumstance  is  mei-ely  the  result  of  the  insuffi- 
ency  of  the  matenals  brought  from  but  one  single  arctic  locality. 
Tho  only  relics  from  the  polar  regions  belonging  to  the  succeeding 
a,  the  Triassic,  are  those  of  marine  animals,  amongst  which  a 
aisiderable  portion  consists  of  large  shell-clad  Cephalopoila  re- 
ted  to  Ammonites,  Nautilus,  etc.,  which,  judging  from  the  habits 
'  tho  forms  still  existing  in  our  time,  could  assuredly  only  live 
a  warm  ocean.  More  certain  information  relative  to  the  nature 
'  the  jiolar  climate  at  that  time  is  afforded  by  portions  of  skeletons 
colossal  Sauria — one  form,  Ichtlnjosaurus  polaris,  seems  to  have 
ached  a  length  of  20  or  30  feet — which,  together  witli  vast 
tprolite  beds,  are  found  in  great  abundance  inclosed  in  the  Triassic 
rata  of  Ice-fjord,  and  which  among  the  now  existing  fauna  have 
cir  nearest  representatives  in  the  crocodiles  on  the  sunny  banks 
*  the  Nile,  or  perhaps  rather  in  the  marine  lizard  Amhlyrhyiichus 
et  with  in  the  Galapagos  Isles.     That  mulUtwd^^  ol  \Xi^c>^  vi^A\- 
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l)l()oded  miimnls  liveJ  at  that  time  in  the  vicinity  of  the  90lh 
degree  of  latiLude  uttesta  bejoncl  all  doubt  climatal  conditions  Tery 
flifftrcut  from  that  of  the  present  day. 

At  Ibe  entrance  of  Ice-fjord  and  at  itouiit  Agardb,  in  Stor-fjoni,  the 
Triaasic  sti-ata  are  covered  with  marine  formaliona  bolonginy  to  the 
immediately  Bubsequent  geological  era,  the  Jura  period,  and,  as  far  as 
ire  can  judge  from  the  few  fossil  remains  hitherto  discovered  in  these 
Btrata,  no  diminution  had  as  yet  taken  place  in  the  warmth  of  the 
polar  climate.  But  great  changee  now  came  to  pass  in  the  portion 
of  the  polar  basin  north  of  Europe,  the  ocean  being  again  traus- 
fbrmed  into  a  continent,  which,  ttiough  shattered  and  reduced,  Gtill 
exists  up  to  the  present  linio.  The  upper  portion,  therefore,  of  the 
Jura  formation  of  SpitKbergon  does  not  contain  any  marine  organ- 
isms, but  in  the  place  of  them  bods  of  sandstone  and  shtte,  with 
coal-aeame  and  impressions  of  plants.  From  the  strata  belonging 
to  that  ago  met  with  at  Cope  Bohoman  in  Ice-fjord,  situated 
between  the  76th  and  79lli  degrees  of  latitude,  the  Swedish  Ex- 
pedilions  have  brought  home  nnmerons  impressions  of  palm-likt 
Oycadetc  and  Coniferjc,  the  representative  species  of  which  now  flourish 
in  llie  neighbourhood  of  the  tropics.  This  already  leads  to  the  sup- 
position of  a  wnnn  climate,  which  supposition  is  further  confiiTued 
by  a  oomparison  with  the  European  fossil  flora  of  the  same  dale, 
.trhioh  indicates  that  the  dinukte  of  SpitEbetgen  did  not  then  male- 
riallv  differ  from  that  of  Central  Enrope. 

Tlu-  Swi-ai>li  Exp.'ditii-Tis  hnve  also  sucrecilcl  ui  cblaiiiiii^-.  jMrlh 
from  Greenland  and  partly  from  Ppitzbergen,  from  two  separate 
epochs  of  the  Ci"elaccous  era,  extensile  collections  of  fossil  plaiifs, 
lately  descrihed  by  Prof",  lleer  in  the  Ti-an.sactions  of  the  It.  Swcilijli 
Academy.  By  this  wo  have  been  enabled  not  only  to  determine  the 
epoch  when  differences  of  climate  first  begin  to  show  themselves 
on  Iho  surface  of  the  earth,  but  also  pretty  closely  to  follow  nii 
cxti-enicly  remarkable  eliango  in  the  appearance  of  the  vcgefabie 
worhl  which  took  place  during  the  course  of  that  period. 

'Within  the  polar  basin  we  meet  with  the  lowest  division  of  tlie 
Creloceous  age  on  the  norlli  side  of  tlio  Xoursoak  Peninsula,  in 
Nort 1 1- Western  (jrccnland.  The  crown  of  the  bills  is  here  coni- 
posed  of  block,  ancient  lava- si  reams  and  immense  beds  of  vol&mii' 
tuff,  hardened  in  process  of  lime  into  solid  rock. 

Over  those  volcanic  formations  now  rests  a  covering  of  perpetual 
ice,  and  lieiieath  them  on  the  sea-shore  vast  strata  of  sand  are  Jis- 
covereil,  containing  inconsiderable  Coal-beds,  interstratificd  with 
claj-beds  and  a  tiiie-gruincd  argillaceous  shale  singularly  fitted  for 
preserving  the  impressions  of  fossils  tliat  have  been  imbedded  iu  it. 
The^e  iilauts  lieiong  to  the  lowest  portion  of  tlie  Cretaceous  ago,  and 
among  the  collections  broiigbt  from  this  spot  Ilccr  has  succeeded  in 
disliiiguishing  To  different  species,  among  which  are  30  Ferns, 
9  C.vcadt'ie,  and  17  Conirc-rie. 

1'hc  tiiird  part  of  tlio  Ferns  belongs  to  one  genus,  Gldchenia.  which 
slilj  flonritihis  in  tJie  iieighhourhood  of  the  tropics  and  ivnimcr  parts 
of  tho    teni]jeratc  zone,  aui  v\ie  emw^  tematk  holds  good  of  the 
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Cjcadese,  most  of  wbidi  are  referable  to  the  genus  Zdmia^  species  of 
which  we  meet  with  within  the  tropics,  as  also  of  the  Conifera\  some 
of  which  arc  nearly  related  to  forms  still  existing  in  Florida,  Ja^vui, 
and  California.  From  this  Heer  draws  the  conclusion,  that  iu  the 
early  part  of  the  Cretaceous  period  the  climate  of  the  now  ice-covered 
Greenland  was  somewhat  like  that  which  now  prevails  in  Egypt  and 
the  Canary  Isles. 

Among  the  Ferns,  Cycades,  and  Conifem  of  Noursook  peninsula 
were  found  a  few  impressions  of  a  species  of  Poplar, -PopiJtwjyritiicrra, 
which  formed  the  only,  and  at  the  same  time  the  oldest  known 
representative  of  the  forest  vegetation  now  prevailing  in  the  tem- 
perate zone.  Nevertheless  the  vegetation  of  the  arctic  tracts  was 
already  during  the  Cretaceous  period  undergoing  a  complete  trans- 
formation. Evidence  of  this  has  been  obtained  from  the  same  locality, 
Atanekerdluk,  on  the  south  side  of  the  Noursoak  peninsula,  from 
which  such  magnificent  remains  of  arctic  vegetation  of  the  Tertiary 
period  had  previously  been  obtained,  from  strata  at  a  somewhat 
higher  level.  Here,  out  of  the  talus  that  has  fallen  from  the  lofty 
fells,  some  black  and  tolerably  easily  crumbling  strata  of  shale  pro- 
trude^ among  which,  on  carefid  inspection,  impressions  of  plants  may 
be  discovered  belonging  to  the  Cretaceous  formation,  not  to  the 
lower,  but  the  upper  portion  of  it.  The  vegetation  is  here  quite 
different.  The  Ferns  and  Cycadeas  have  disappeared,  and  in  their 
place  we  find  deciduous  trees  and  other  dicotyledons  in  astonishing 
variety,  and  forms,  among  which  a  species  of  fig  may  be  mentioned, 
of  which  not  only  the  leaves,  but  also  the  fruit  have  been  obtained 
in  a  fossil  state;  two  species  of  Magnolia,  etc.  The  climate  that 
then  prevailed  over  the  whole  globe  was  therefore  still  warm  and 
luxuriant,  even  if,  at  least  in  the  Arctic  regions,  considerably  modified 
from  what  it  formerly  had  been,  inasmuch  as  that  the  flowerless 
vegetation  (which  was  now  beginning  to  die  out),  as  far  as  wo  can 
judge  from  its  present  representatives,  tho  ferns,  required  a  wann 
humid  climate,  whereas  the  new  forms,  with  their  luxuriant  flowers, 
which  now  began  to  characterize  the  vegetable  world,  required,  in 
order  to  dovelope  all  the  grandeur  of  their  colours,  a  clear  and  sunny 
sky.  The  disappearance  of  sundry  tropical  and  sub-tropical  forms, 
that  are  met  with  in  the  older  Cretaceous  stmta,  has  led  Hber  to  the 
oonclusion  that  difference  of  climate  at  different  latitudes  was  now 
beginning  to  show  itself,  and  he  calls  attention  to  the  circumstance 
that  this  takes  place  synchronously  with  tho  development  of  tho 
dicotyledonous  plants  in  greater  variety. 

Unhappily,  in^the  Arctic  regions  no  fossil  remains  belonging  to  tho 
Eocene  age,  which  immediately  succeeded  the  Cretaceous  period, 
have  hitherto  been  met  with,  and  we  are  therefore  destitute  of  the 
actual  data  necessary  for  ascertaining  its  climatic  cliaractor.  But  the 
next  following,  or  Miocene  age,  places  at  our  disposal  abundant 
materials  in  the  magnificent  remains  of  plants  obtained,  wo  may  say, 
from  all  parts  of  the  polar  basin  and  its  vicinity  ;  from  West  Green- 
land by  Inglefield,  McClintock,  llink,  Torell,  Wliynipor,  and  tho 
Swedish  Expeditions ;  from  East  Greenland  by  Payer ;  from  Alaska 
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hy  Mr.  Furnlijelm ;  from  Sagttlia  liy  AJmiral  Funilijelm  ;  and  from 
different  localities  of  Spitzbergen  by  tlie  Swedish  Expeditions.'  Tlie 
ispots  where  remaine  of  this  period  are  found  are  frequently  dis- 
.lingTiiehed  by  their  astonishing  ahimdonce  of  fossil  plant-remaine. 

For  example,  at  a  place  in  Spitzber|;en  which  wa  have  called  Cape 
Lyeli,  after  the  lately-deceased  gniat  English  geologist,  the  rocks  on 
the  shore  for  a  distance  of  several  hundred  feet  form  n  continuous 
herhariiim.  where  every  stroke  of  the  hammer  brings  to  light 
an  imago  of  the  vegelation  of  a  loug-past  age — when  the  forest 
vegetation  of  these  tracts  consisted  of  the  swamp-cypress  of  Texas 
(Taxodiam  disUchum),  of  gigantic  Sequoias,  relations  or  ancestors  of 
'■Califoraia's  mammoth -tree,  of  large-leafed  birches,  limes,  oaks, 
teechcs,  planes,  and  even  magnolias.  Tlie  place  is  situated  in  about 
77^  95'  N.  hit.,  on  the  Bouth  side  of  the  ciilmiice  to  Eell-sound,  on  the 
■Western  const  of  Spitzbergen.  At  the  foot  of  the  cliff,  on  one  or 
Iwo  barren  heaps  of  gravel,  one  may  discover  shoots  of  an  inch  long 
of  the  polar  willow,  sole  representative  of  the  present  vegetation  of 
tiie  locality.  Just  off  the  shore  the  ocean  currents  drive  icebergs, 
"whioh  have  fallen  from  the  neighbouring  glaciers,  backwards  and 
ionvards,  and  the  crown  of  tho  rock  itself  forma  the  limit  of  a 
inighty  glacier,  which  threatens  within  a  few  years  to  bury  tinder  an 
■Soy  covering  of  several  hundred  feet  thickness  not  only  tlio  little 
vegetation  tlutt  exists  here,  imd  which  in  the  summer  weeks  is  some- 
tees  adornecl  with  obnrmiog  colonre,  but  also  the  memorials  of 
tlic  niR'ient  glorious  n^'o  now  picscrveil  within  its  rocks. 

By  .1  c^irefid  exumiiialiou  of  flic  rich  materials  lierc  acccssillo, 
and  "by  n  ci.uipavison  of  the  )tetrif:n.'tii>tia  with  llmso  of  tbe  wimo 
period  found  in  more  snullierly  localities,  llcor  has  shown  tli:»t 
iilri-'aily  in  the  Miocene  era  couKiilorahle  variety  of  climale  existed 
on  the  face  of  tlie  eartJi,  though  even  the  Pole  at  that  lime  cujovcd 
a  climate  fully  compniahle  with  that  of  Central  Eurojn'  now.  The 
then  Flora  of  Europe  bad  alii:"st  entirely  an  American  chnriictcr, 
and  Ihcifl  arc  many  reasons  lor  supjiosing  that  (he  continents  of 
Europe  and  America  were  at  that  time  united,  and  hounded  on  the 
south  by  an  ocean  c\(endiug  from  llio  Allaiitie  over  tho  present 
deserts  of  SaJiara  and  Central  Asia  lo  tlie  I'aeific. 

Bofwocn  the  Miocene  and  the  present  eras  are  two  important 
periods',  the  Pliocene  ami  the  Glacial,  whioli  to  us  ai-e  pariieulaily 
deservingof  attention,  inasmuch  iis  that  during  tlieni  man.  ilie  loni 
of  ei-cation,  seems  first  lo  havo  made  his  appearance.  Tliat  liuriiig 
the  hiftcr  of  these  periods  vast  masses  of  ico  covered  .at  least  nil  ihe 
northern  part  of  Europe  is  a  well-known  fact ;  but  eonconiing  llie 
nature  of  the  transilioii  from  tho  glorious  climate  of  the  Miocene 
age  to  tho  Glacial  period,  wo  possess  no  knowledge  wiiatcver 
fonnded  on  actual  obscn-atton.  Probably  at  some  future  time  con- 
tributions towards  tho  solution  of  this  important  question  m:iy  he 
'  ■Wo  iiiiiv  aha  mPiifli-n  Hip  oridpiiff  of  nu  .Vn'ti.'  MLihmih'  Fli>ra  r,!,i;iin(.I  tiv  Sir 
J.ilm  HiilinrrNon  fmni  fn,:  imliiratuil  ol.iv-bEil-,  H>.nri:ited  nilli  tViI-nriiii-,  ,.ii  \U- 
M;uk.Ti/;p  [Hvrr.  IIMr  On-iii  ll.'ir  l.riljc,  tivni  ivlncli  17  fiiecil^  of  lu^'il  lil.mt^  lim. 
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found  amongst  tlie  moantaiii  masses  that  occupy  the  peninsula  ]>e- 
tween  Ice-fjord  and  Bell-sound  in  Spitzbei]gen,  or  in  some  parts  of  tho 
basalt  region  of  north-western  Greenland.  In  the  interior  of  Ice-fjord 
and  at  several  other  places  on  the  coast  of  Spitzbergen,  one  meets 
with  indications  either  that  tho  polar  tracts  were  less  completely 
covered  with  ice  during  the  Glacial  era  than  is  usually  su[)poscd, 
or  that,  in  conformity  with  what  has  been  x^bserved  in  Switzerland, 
inter-glacial  periods  have  also  occurred  in  the  polar  regions.  In 
Eome  sand-beds  not  very  much  raised  above  the  level  of  the  sea  one 
may  in  fact  find  the  large  shells  of  a  mussel  {Myliliis  edults)  still 
living  in  the  waters  encircling  the  Scandinavian  coast.  It  is  now 
no  longer  found  in  the  sea  around  Spitzbergon,  liaving  been  2)robably 
rooted  out  by  the  ice-masses  constantly  driven  by  the  ocean  currents 
along  the  coasts. 

From  what  has  been  already  stalofl,  it  appears  that  tho  animal 
and  vegetable  relics  found  in  the  polar  regions  imbedded  in  strata 
deposited  in  widely  separated  geological  eras  uniformly  testify  that 
a  warm  climate  has  in  former  times  prevailed  over  the  whole  globe. 
JFVom  Palceoniological  science  no  support  can  he  obtained  for  the  assump- 
tion of  a  periodical  alternation  of  vcarm  and  cold  climates  on  the  «ur- 
fdce  of  the  earth. 

A  careful  investigation  of  the  structure  of  tho  different  sediment ary 
strata  leads  to  the  s;ime  result.  We  are  now  very  well  acquuintod  with 
the  origin  and  nature  of  the  various  strata,  the  substance  of  which 
lias  been  supplied  by  the  destructive  operation  of  glaciers  on  tlio 
surrounding  and  subjacent  mountain  masses,  and  we  can  point  out 
certain  marks  by  which  tliese  strata  may  bo  distinguished  from 
other  non-glacial  deposits.  In  these  last,  ono  very  rarely  moots 
with  any  large  stone  boulders,  which  have  fallen  from  some  neigh- 
bouring clifif,  and  been  imbedded  in  sand  or  clay,  either  directly, 
and,  if  so,  close  to  the  i)laco  where  originally  found,  or  else  after 
baving  in  the  spring  been  moved  a  greater  or  less  distance  by 
river  ice.  In  glacial  fonnations,  on  the  contrary,  as  ono  may 
gather  from  the  study  of  the  strata  in  Scandinavia  that  belong  to 
tlie  glacial  period,  erratic  blocks  transported  on  icebergs  to  far- 
distant  regions  play  an  important  part.  If  a  climate  similar  to  that 
which  now  prevails  in  the  arctic  regions  has  several  times  during 
various  geological  eras  existed  in  tho  neighbourhood  of  tho  Polo, 
one  has  reason  to  expect  that  sandstones  inclosing  largo  boulders 
should  oflen  be  met  with  in  theso  tracts. 

But  this  is  by  no  means  tho  case,  though  such  formations,  if  they 
exist  on  a  large  scale,  could  hardly  escape  observation. 

The  character  of  the  coasts  in  tho  Arctic  regions  is  especially 
favourable  to  geological  investigations.  While  tho  valleys  are  for 
the  most  part  filled  with  ice,  the  sides  of  tho  mountains  in  summer, 
even  in  the  80th  degree  of  latitude,  and  to  a  height  of  1000  or 
1500  ft  above  the  level  of  tho  sea,  are  almost  wholly  free  from  snow. 
Nor  are  tho  rocks  covered  with  any  amount  of  vegetation  worth 
mentioning,  and,  moreover,  the  sides  of  the  mountains  on  tho  shoro 
itself  frequently  present  pei'pendicular  sections,  which  everywhero 
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espOBe  thoir  bora  Burfaces  to  t!i6  investigntor.  T!io  knowledge  of  a 
mountain'e  geognoatio  character,  at  wliidi  one  in  inoro  soutliorly 
oonntrioa  can  only  arrive  after  long  and  laljoriona  rcaearcbea,  re- 
moval of  soil  and  the  like,  is  here  gained  almost  at  the  Bret  glance ; 
and  as  we  tavo  never  seen  in  Spitsbergen  nor  in  Greenland,  in 
those  sections  often  many  miles  in  Icngtli,  and  including,  one  may  say, 
bU  foi-mations  from  the  Silurian  to  the  Tertiary,  any  boulders  even 
Be  large  as  a  child's  head,  there  is  not  the  smdlesl  probability  that 
strata  of  any  considerable  extent,  containing  boulders,  are  to  be  found 
in  the  Polar  tracts  previously  to  the  middle  of  the  Tertiary  period. 
Since,  then,  both  an  eotaminaUon  of  the  geognostic  condition,  and 
an  iuvefitigatiou  of  the  fossil  flora  and  fauna  of  the  polar  landi, 
show  no  signs  of  a  Glacial  era  having  existed  in  thoso  parts  he- 
fore  the  termination  of  the  Miocene  period,  wo  are  fully  justified 
in  rejecting,  on  tho  evidence  of  nctuni  observation,  the  hypotheses 
founded  on  purely  theoretical  speonlntions,  which  assumo  the  many 
times  repeated  alternation  of  warm  anil  glncial  climates  between  the 
present  time  and  tho  earliest  geological  ages. 


IL— On  S'lMK  Fossil  FonAMreirEHA  rno«  thb  West-Coast  Distbict, 

p  Bf  HuBT  B.  BaADi,  F.S.S.,  F.I..S.,  otc 

••  (PLATES  XIII.  ASD  Xrv,) 

NOTE.— TIio  Fossils  about  (o  bo  dosciihed  were  sent  to  EiiKljmd 
ill  1S73  and  1874  by  Ileer  Ti.  D.  M.  VL-i-book.  Director  of  Iho 
Geologicul  Survey  of  Sinnatra,  and  arc  hero  imblislied  by  tho  authority 
and  with  the  aid  of  the  Dutch-Indiiin  Government. 

A  general  account  of  the  geology  of  the  West-Ooast  District  nf 
Sumatra,  by  Ileer  Verbeok,  is  given  in  tho  Geological  M.\i;.izine 
for  October,  1875,  New  Scries,  Vol.  11.  pp.  477-480. 

T.  livi'EaT  JoN-KS. 


Tl                 of  f  1  r      n      f      ,  collected  by  Hecv  Vcibeek  in 

S        t       to      1     i  tl  e  foil         p  lajicr  refers,  were  jdaced  in  my 

hn    1     ly      y  f  1  P    f  T  R  i   rt  Jones.  F.II.S.,  F.G.S.,  f.>r  e:s- 

n                  all  it    u       D     btful  points   in    connexion    with 

tl    m — fo            J     f  "       1  nre  nioro  or  less  obscure— b;ivc 

b    n    I  (             1  ft      J      till  oi-afion,   and    tho    views    stated 

tl          1    ut  1         b  1       t  d  ly  my  friend  and  collaborateur. 

1.  Oi-EUcrLiNA  ORANULOSA,  Leymenc.     PI.  AlII.  Figs.  1,  a,  h,  c. 
Opt- rciiH lift   grmmloiia,   Levmcrie,    184fi,   Mi'm.   Soc.   gi'ol.   France. 

■2  scr.  vol.  i.  Mom.,  No. "8,  p.  35y,  pi.  Hi.  figs.  12  n,  b,  <: 
[^M,7.H,i  uH.Uta,  D'Orbigny,  1S20,  Ann.  Sei.  Xat.  vii.  p.  l-OH,  No.  3. 
.i^silim   im.Uto,  1850,   Prodrome  de  Pah'ont.  vol.  ii.  p.  330,  No. 

684 ;   fiilc   D'Archiiie,    "  Deser.   Anim.   foss.  Groupc   numni.   de 

riude,"  p.  157.] 
Amongst  ilecr  Verbeek\s  fossil  Foraiiiinifcra  from  Sumatra,  the 
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most  fully  represented  excepting  Orhitoides,  as  far  as  number  of 
specimens  goes,  is  the  genus  Operctdina.  The  OpercuUn(B  are  in  two 
sets,  tlie  morc^  numerous  series,  containing  also  the  finer  examples, 
from  the  Coralline  Limestone  of  Nias  Island ;  the  smaller  one  from 
the  West  Coast  of  Sumatra.  Of  the  larger  examples,  Figs.  1,  a,  5,  c, 
Plate  XIII.  are  fairly  representative.  They  may  be  assigned  without 
hesitation  to  Operctdina  granulosa,  Leymerie,  a  variety  dififcnng  from 
the  typical  0.  complanata,  Defrance,  not  only  in  its  more  or  less 
granulate  or  beaded  surface,  but  in  the  slower  and  more  gradual  in- 
crease in  breadth  of  the  spiral  band  of  chambers.  The  specimens  of 
the  less  numerous  set  are  smaller  in  size,  and  their  characters  are 
much  less  strongly  marked.  They  bear  some  resemblance  to  the 
modification  figured  by  Leymerie  (loc.  ctt.  fig,  11,  a,  h)  under  the 
name  0.  ammonea  ;  but  there  can  be  little  doubt  that  tlie  differences 
in  minor  particulars  are  dependent  on  mere  external  circumstances 
either  of  life,  or  in  the  process  of  fossil ization ;  at  any  rate  there 
seems  no  substantial  basis  for  their  specific  separation. 

The  finer  specimens  of  0.  granulosa  from  Nias  Island  have  a 
diameter  of  -J-  inch  (4-5  mm.),  and  consist  of  about  five  moderately 
broad  convolutions,  the  individual  chambers  being  very  narrow  and 
numerous.  The  primordial  chamber  is  minute,  as  is  commonly 
the  case  in  the  Operculine  type ;  but  there  is  considerable  thickening 
of  the  shell-wall,  especially  near  the  centre,  shown  externally  by 
a  more  or  less  prominent  umbo. 

Opercultna  granulosa  is  a  well-known  species  occurring  in  the 
earlier  Tertiary  beds  of  Europe  in  company  with  fossil  NummuUnce. 

Localities — ^Tlie  precise  habitats  of  these  Eastern  specimens  of 
Operculina  are  the  Tertiary  Limestone  of  Nias  Island,  where  they 
are  found  in  company  with  Corals  and  Nummulites,  and  the  Marl- 
sandstone,  of  an  earlier  Tertiary  age,  in  the  Fadang  Highlands  on 
the  West  Coast  of  Sumatra. 

2.  NuMMULiNA  VARioLARiA  (Sowcrby).     Fl.  XIII.  Figs.  2,  o,  h,  c, 

3,  a,  bj  c. 
Nummularia    variolaria,    Sowerby,    1829,    Mineral    Conchology, 

vol.  vi.  p.  76,  pi.  838,  fig.  3. 
Nummulites  variolaria,  D*Archiac  et  Haime,  1853,  Descr.  Anim. 

foss.  Groupe  numm.  de  I'lnde,  p.  146,  pi.  9,  %s.  13,  a — g. 

A  set  of  minute  Nummulites  (labelled  "  small "),  of  which  Figs. 
2,  a,  b,  c,  are  examples,  and  another  series  (marked  '*  middle-sized  ") 
represented  by  Figs.  3,  a,  b,  c,  may  both  bo  assigned  to  the  same 
species — N.  variolaria.  The  smaller  ones  are  about  ^ly  inch  (1*  mm.) 
in  diameter,  and  consist  of  about  three  convolutions,  of  which  the 
third  possesses,  on  the  average,  sixteen  chambers.  The  primordial 
chamber  is  ^ttt  ^^^^  (9'^  mm.)  in  diameter.  The  larger  specimens 
average  about  ^V  ^^^^  (2*0  mm.)  in  diameter,  and  have  four  or  more 
convolutions,  the  outermost  composed  of  about  nineteen  segments ; 
the  primordial  chamber  is  of  the  same  size  as  in  the  smaller  ones. 
The  proportionate  thickness  is  much  the  same  in  the  two  cases,  save 
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Ihnt  tlie  larger  Bpecimens  are  oflea  rather  umbonato.  It  will  be  seen, 
/tliciefore,  that  there  ia  no  distinctioii,  of  evon  varietal  force,  to  lo 
„_  ^n  between  the  two;  and  Ihoy  eon-espond  sulScienlly  closoly 
■with  the  description  nnd  figiires  of  N.  variolaria  given  by  AIM. 
i)'Ai'chiac  and  I^ime.  It  is  needlesB  to  enter  into  detailed  Bsamins- 
tion  of  any  species  which  has  been  treated  by  the  authors  refcrreil 
to  in  Iheir  eihanstivs  way,  or  indeed  to  do  more  than  observe,  in 
general  terms,  that  tho  form  under  consideration  is  one  of  the 
"radJMto"  proup,'  comprising  the  Binall  nnd  relatively  thick  modifi- 
Ufttions  of  Nummalina  planulata,  common  in  the  early  Tertiarics  nf 
^uste™  Europe. 

Locality — Coralline  Limestone  of  Kias  lalnnd. 

3.  NiMMtLiSA  llAMOMit.  Dcfiimce.     PI.  Xm.  Figs.  4,  a,  b. 
Nummuhtes  Bamontli,  Defraiice,  1825,  Diet,  dee  Soi.  nat.  vol.  sit. 

p.  224. 
NammuUlea  EamoTtdi,  D'Arcbiac  et  Haime,  1853,  Dsscript.  Anim. 

foas.  Groupo  numm.  do  I'ludp,  p.  12S,  pi.  7,  figs.  13-17. 
To  this  species  may  safely  be  assigned  a  small  niunber  of  eome- 
wbat  obscure  rndiato-sliiato  Nummulitea  from  Nias  Island,  one  of 
f  wbich  is  represented  in  PI.  XIII,  Figs,  i,  a,  li.  Tho  largest  specimen 
^BB  a  diameter  of  ^  inch  (3-0  niin.)^  and  is  about  ■^  inch  (1-2  mm.)  in 
k&cknesB.    It  bna  been  difficoU  to  arrive  at  osy  exact  information 
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North  Africa  and  Asia ;  indeed  almost  wherever  the  early  Tertiaiy 
Nummulitic  strata  appear,  ^.  Bamondi  seems  to  be  present. 

Locality — The  Nias  Limestone,  of  late  Tertiary  age,  with  Kiun- 
mnlites  and  Corals. 

4.    NuMMULixA  Kamondi,  Tar.   Verbeekiana,   nov.      PI.   XIII. 
Figs.  5,  a,  hf  c. 

In  the  collection  of  Numranlites  are  a  few  examples  somewhat 
smaller  than  the  foregoing,  also  from  the  Tertiary  limestone  of  the 
Island  of  Nias.  In  general  external  characters  they  are  very  similar 
to  N.  Bamondi,  but  they  differ  considerably  in  interior  structure. 
The  best  specimen  is  that  figured  in  PI.  XIII.  Fig.  5,  a  ;  but  the 
drawing,  though  accurate  up  to  the  magnifying  power  employed,  is  a 
little  ambiguous.  By  the  abrasion  of  the  outer  lamina)  in  places, 
an  appearance  like  that  of  the  lobulate  segments  of  Amphistegina 
is  produced ;  the  fact  being  that  the  septal  lines  of  some  of  the 
inner  convolutions  are  laid  bare  near  the  periphery',  and  these 
happen  to  be  set  more  obliquely  than  those  of  the  outermost 
whorl,  so  that  the  latter  appear  in  the  drawing  to  be  suddenly 
reflexed  at  a  short  distance  from  the  margin.  The  radiating  septal 
lines,  however,  are  in  reality  not  continuous,  as  they  appear  in 
the  figure ;  and  with  a  higher  magnifying  power  and  carefully 
adjusted  light  the  portions  near  the  periphery — that  is,  the  oblicjuo 
or  refiexed  ends  of  the  radii — are  seen  to  belong  to  the  penultimate 
or  even  an  earlier  convolution.  The  horizontal  section.  Fig.  5  b, 
is  clearly  the  section  of  a  Nummulite,  not  of  an  Amphisiegina. 

The  distinctions  between  this  variety  and  what  may  be  regarded 
as  the  typical  N.  Bamondi  consist,  firstly,  in  the  smaller  number  of 
segments  in  each  convolution,  and,  secondly,  in  their  greater  obliquity 
and  curvature.  The  largest  specimen  has  a  diameter  of  about  ^\  inch 
(2'o  mm.),  and  is  somewhat  thick  and  umbonate.  Average  examples 
appear  to  have  from  five  to  six  convolutions ;  the  sixth  with  about 
twenty-six  segments.  It  has  been  found  impossible  to  ascertain 
accurately  anything  about  the  primordial  chamber,  all  the  central 
portions  of  the  tests  being  obscured  by  the  obliterating  nature  of  the 
mineral  infiltration. 

Under  the  circumstances  we  can  perhaps  scarcely  do  better  than 
distinguish  the  Nummulite  under  notice  as  a  variety,  naming  it 
Verbeekiana,  after  Heer  yerbeek. 

Locality — Coralline  Limestone  of  Nias  Island. 

6.  Orbitoides  papyracea  (Boub^e).    PI.  XIV.  Figs.  1,  a,  6,  c,  J. 
Nummulites  papyracea,  Boubee,    1832,  Bull.    Soc.   geol.  France, 

vol.  ii.  p.  445. 
Orhitolitea  Fraili^  Michcliu,  1840-1847,  Icon,  zooph.  p.  278,  pi.  63, 

fig.  14. 
OrhitoUtes  Fortisii,  D'Archiac,  1850,  Hist.  Progr.  Geol.  vol.  iii. 

p.  230. — Mem.  Soc.  geol.  France,  2  ser.  vol.  v.  p.  404,  pi.  8, 

figs.  10-12. 
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Orlltoidrt  papyraeea,  Giimbel,  18G8,  Abh.  d.  II.  01.  Aka'l.  WisBenaoli. 
Miinchen,  voL  r.  pt.  2,  p.  C90.  pi.  3,  fig.  1. 

The  uomeiiclBtoi'c  of  tLia  Epeoies,  better  known  to  BngliBli  palccoa- 
tologists  as  Orhitoidei  Pralli  and  0.  Forliiii,  bas  been  worked  out 
-vritb  g^vat  luinutenesB  by  Dr.  Giimbel,  nud  to  bis  paper  on  the  N'ortli- 
Alpino  Eocene  ForaminiFera  (op.  <it.),  frora  whicb  the  above  refer- 
ences are  taken,  tbe  reader  may  be  directed  for  its  full  Eynonymy. 

Tbo  Siiinatmn  specitnena  ciill  for  but  little  comiueut.  Theii 
general  external  appearance  is  shown  in  PI.  XIV.  Figs.  1,  a,  b;  the 
Dearly  median  borizontal  section  is  given  in  Fig.  1  e,  and  the 
tronsveree  section  in  Fig.  d.  The  largest  of  Heer  Verbeek's  esamplea 
'  bas  a  diameter  of  ^\  of  an  inch  (lu  rain.),  and  a  thickness,  &t  the 
centre,  of  about  ^  inch  (3-5  mm.);  but  moat  of  them  are  propor- 
tionately thinner  than  the  above  fractions  indicate,  aud  ae  very  few 
of  them  attain  even  these  dimensions,  they  may  be  regarded  vs 
somewhat  smalt  examples  of  the  epccies.  Figs,  a  and  b  represent 
fair  average  Bpccimcos,  magnified  five  diameters ;  tbe  drawings  of 
intcnial  structure,  c  and  d,  are  on  u  higher  scale,  namely  2C  dioiuetem 

ioira^iVj— Coral-liuiestone,  Padangllighlandfl,  West  Jlioast  District, 
I  Buinatra. 

e.  OflBiTOiDKB  DisPAHSi  (BowBrby).    PI.  XIV.  Figs.  2.  a,  b,  e. 

I^fcophia  dupaimH.  J.  de  C  Sowerby,  1B3G,  Ttahb.  GeoL  Soc, 
2  ser.  vol.  y.  p.  387,  jd.  24,  flgs.  IS,  Ifi. 

Lijcophn's  tOrhllorhs)  dtspaus'is,  Carter.  1P53,  Jonm,  Bomlny 
Asi.'tt.  ^"ol-.,  vul.  V.  p.  iJii,  pi. :;,  figfi.  -js-iii. 

Oibiloidcs  dispaiisa,  D'Arch.  ct  Ilaimc,  1854,  Dcscr.  An.  fos^. 
Groupe  nuiiiin.  de  I'lnde,  p.  349. 

Orl!loid,„  dispmisa,  Giimbel,  18G8,  Abh.  (1.  IT.  CI.  Akad.  Wisscnsoh. 
Muuchcu,  vol.  s.  pt.  2,  p.  701,  pi.  3,  figs.  10-i7. 

A  few  specimens  of  n  small,  tiiick,  lenticular  OrhHoidrs,  with 
tiibeiculiite  suiTace  (I'l.  XIV.  Figs.  '2,  a,  h,  c),  may  with  confidence  be 
assigned  to  0.  diajjansa,  a  Kpceics  best  known  as  one  of  the  im^MM- 
taiit  fossil  constituents  of  tlio  Tertiary  rocks  of  Scindc,  ond  more 
recently  fumul  in  the  Eoctne  beds  of  southern  Germany  and  of  Italy. 

Iloer  A'erbeck's  specimens  ai-o  small ;  somewhat  less  than  ^  iuck 
(C  mm.)  ill  diameter,  ami  -^'j  inch  (2  nmi.)  in  thickness.  Many  of 
them  bavo  both  surfitces  not  merely  granulate,  which  is  a  common 
condition,  but  studded  with  large  prominent  tubercles,  as  shown  in 
the  figure.  Beyond  this  tliey  seem  to  offer  no  points  of  i>ocuIiarity ; 
but  IliG  specimens  altogether  present  much  greater  vaiielj-  of  exlerual 
contour  than  those  of  0.  papijracea. 

Localilifs — Orbitoidal  Limestone,  Bockit  Poangang,  Sumatr.i,  and 
the  Marl-rock  of  Nias  Island. 

7.  OnDiToiDEs  SvM.\  TREK  SIS,  ff.  «or.     PI.  XTV.  Figs.  3,  a,  h,  e. 

There  are  sli!!  some  two  or  three  little  fossils  pertaining  to  the 
genus  Orbiioidca,  \ory  difl'erent  in  shape  and  proportionate  dimen- 
sions from  either  of  the  foregoing.  Ono  of  these  is  represented  in 
n.  XIV.  Figs.  3,  a,  h.    Tliey  are  sub-globular  or  "uly  slightly  com- 
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pressed,  one-eigbth  of  an  inch  (3*  mm.)  in  diameter,  and  abont  one- 
tenth  of  an  inch  (2*5  mm.)  in  thickness.  The  exterior  is  rough 
and  granuhir.  Laid  horizontally,  there  is  an  irregular,  partial 
extension  of  the  periphery,  which  seems  to  suggest  an  abortive  disc. 
It  is  within  the  bounds  of  possibility  that  these  specimens  may  be 
the  central  thick  portions  of  some  form  like  the  more  umbonate 
varieties  of  0.  dispansa,  but  the  interior  structure  does  not  lend 
itself  to  this  supposition.  The  general  arrangement  of  the  chamber- 
lets  is  shown  in  Fig.  3  c,  which  is  drawn  from  a  horizontal  section 
near,  but  not  at,  the  median  plane.  A  transverse  section  shows 
the  median  disc,  which  does  not  appear  to  bo  quite  uniformly 
central  in  its  position,  exceedingly  thin  in  the  middle,  thickening 
rapidly  towards  the  circumference,  rounded  at  the  margin,  and 
having  somewhat  the  contour,  in  section,  of  an  hour-glass  drawn 
out  a  little  at  the  ends.  The  primordial  chamber,  as  far  as  can  be 
made  out,  is  very  small.  Such  structural  and  morphological 
peculiarities  as  these  do  not  seem  to  be  in  accord  with  the  characters 
of  any  published  species ;  and,  notwithstanding  a  certain  amount 
of  doubt,  in  the  absence  of  sufficient  material  for  complete  in- 
vestigation, as  to  the  degree  of  relationship  that  may  exist  between 
these  sub-globular  specimens  and  0.  dispansa,  wo  have  but  little 
hesitation  in  concluding  that  they  represent  an  undescribed  form, 
and  have  named  them  accordingly. 

Locality — Marl-rock  of  Nias  Island,  West  Coast  of  Sumatra. 

8.  FusuMNA  PRiNCKPS  (Ehrenberg).     PL  XIII.  Figs.  6,  a-c. 
Borelis  princeps,  Ehrenb.,  1854,  Mikrogeologie,  pi.  xxxvii.  figs. 

X.   0,   1-4.     See  also   Monatsberichte  d.  k.  Akad.  Berlin,  fiir 

1842,  p.  273,  and  1843,  p.  106. 
Fustdina  princeps,  Parker  and  Jones,  1872,  Annals  N.  Hist.  ser.  4, 

vol.  X.  pp.  257  and  260. 
The  genus  Fusulina  is  of  extreme  interest  to  both  the  Geologist 
and  the  Zoologist,  —  to  the  former  on  account  of  its  restricted 
stratigraphical  range  and  from  the  important  part  it  has  played  as  a 
rock-builder;  to  the  latter  from  its  isomorphism  with  two  other 
remarkable  genera  of  Foraminifera,  namely  AlveoUna  in  the 
" porcellanous,'*  and  Lofiusia  in  the  "arenaceous"  series.  The 
specimens  sent  by  Hcer  Yerbeek  are  of  considerable  scientific  value, 
giving  us  the  morphological  parallel  to  some  of  the  AlveoUncB  of 
the  Tertiary  limestones  of  Central  Europe  and  Western  Asia. 

The  fossils  figured  by  Prof.  Ehrenberg  under  Uio  name  Borelis 
princepa  are  from  the  "  Hornstono  of  the  Mountain-limestone  of  the 
Pinega  (Dwina),  Archangel."  They  are  much  inferior  in  point  of 
size  to  those  collected  by  Ileer  Verbeck,  but  otherwise  the  resem- 
blance in  morphological  characters  is  sufficiently  close,  and  tlio 
specific  name  "  princeps  "  acquires  a  fresli  significance  as  applied  to 
the  Sumatran  fossils.  The  dimensions  given  in  the  "  Mikrogeologie  " 
are  J  of  an  inch  (4*0  mm.),  by  about  ^  incli  (3*0  mm.).  Heer 
Verbeek's  specimens  vary  considerably  in  size,  the  largest  being 
^^   of   an    inch  (11  mm.)  long,    by  j*^  in.  (10  mm.)  broad  '■ 
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smnlleat  |  in.  {5  mm.)  long,  by  J  in.  (4  ram.)  broBi!  ;  bat  ii)wiy~^ 
tlio  Bniiillci-  ouos  iiro  manifestly  iticomplcto,  being  in  reality  fho 
central  portions  of  larger  Bpecimens,  of  which  Uio  oiUor  whorls  linTe 
been  broken  nway,  the  fraotura  following  the  courso  of  the  spiral 
lamina.  The  largest  number  of  convolutions  traced  in  any  ona 
transverse  section  is  eleven.  In  their  lateral  nspect  all  the  lai^r 
examples  are  broadly  elliptical,  the  conjugate  diameter  being  about 
one-tenth  longer  than  the  IranavorM.  'n»o  depressiona  marking  the 
lougituiiinnl  septa  are  pretty  evenly  distiknccd,  but  the  individual 
bo un Jury- lines  aro  aomowbat  irrcgulai'  in  their  course.  The  colour 
of  some  of-  ttie  speoimens  is  nearly  white,  of  others  dark-grey. 

Perhaps  the  most  nearly  allied  variety  of  fusufina  to  that  under 
notice  is  the  F.  Bjihxrica  of  Dr.  llorrman  Abich,'  found  in  the 
Bfou  II tain-limestone  of  Armenia  and  Azerbcidjan.  I  am  iudebted 
to  Dr.  Abich  for  examples  of  this  intorosting  form,  which  is  correctly 
reprfsented  in  his  juiblished  drawing  as  an  oblate  or  somewhat  drum- 
shaped  oi*ganism,  not  prolate  or  elliptical  liko  the  Sumatvan  specimens. 

On  the  otiier  hand,  we  have  a  near  oonnexioa  of  F.  prutceps  in 
FutuUna  robusla,  deacribod  by  Dr.  Moefe'  from  Californinn  speci- 
mens ;  bnt  the  pointed  ends  of  the  lattor  seem  to  indicate  a  much 
closer  relationsliip  to  the  typo  F,  et/lindriea,  with  which  it  is  also 
associated  in  distribution. 

In  epeaking  of  FBaitlina  as  an  ossantially  Carbonif«'oua  geuusi  tha 
Btratlgraphiou  term  must  be  taken  to  include  those  Upper  Corboct- 
fci'ous  beds  tormi'd  "Permian"  bj'  American  geologists;  indeed,  the 
very  lar;;fst  rcL-ordc'd  exitiiiples  of  the  tviio  aro  lliose  describe.!  by 
Siiiniiaiil-'nndor  the  name  F.  doiignta,  some  of  which  .ire  stated  Ift 
be  two  inches  (■'i  contiin.)  in  length.  Tlicy  were  found  in  tlio 
i't'nuian  Liiiiestoncs  of  New  Mexico  and  Texiis. 

LocnUlij  —  Cai'l»oniloroi:s  Limestone,  I'adang  Highlands,  '\Vo-i! 
Coist  of  Sumatr.i. 
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Plate  XIV. 
Fio.  1. — Orbiioides  papyraeea  (Boub^e). 

a.  Lateral  aspect.    Hagnified  5  diameters. 

b.  Peripliero-lateral  aspect.     Ditto. 

c.  Horizontal  median  section.    Magnified  20  diameters. 

d.  Central  transverse  section.  Ditto. 
Fig.  2. — Orbiioides  dispansa  (Sowcrby). 

a,  lateral  aspect.    Magnified  6  diameters. 

b.  Periphero-lateral  aspect.     Ditto. 

e.  Central  transverse  section.    Alagnified  20  diameters. 
Fio.  3. — Orbitoidet  SumaCretiMts,  sp.  nov. 

a.  Lateral  aspect.    Magnified  G  diameters. 

b.  Periphero-lateral  aspect.    Ditto. 

c.  Horizontal  section,  near  the  median  plane.     Magnified  35  diameters. 


III. — On  the  Limits  of  the  Yobedale  Series  in  the  North  op 

England.* 

By  G.  A.  Lebovb,  F.G.S.  London  and  Belgium,  F.B.G.S.,  etc. 

Lecturer  on  Geological  Surveying  at  the  University  of  Durham  College  of 

Physical  Science,  Newcastle-oU-Tyue. 

WHEN  a  f^oup  of  bods  has  well-defined  boundaries  above  and 
below,  and  when  moreover  its  pala9ontological  characteristics 
coincide  with  its  stratigraphical  limits,  it  becomes  a  boon  alike  to  tlio 
field-geologist  and  to  the  fossil  collector.  "When,  on  the  other  hand, 
both  limits  and  fossils  fail  to  enable  one  to  follow  a  group  beyond 
a  certain  point,  the  sooner  the  series  as  such  is  relegated  to  the  limbo 
of  purely-local,  convenient,  but  untrue  divisions,  the  better.  I  pro- 
pose to  show  in  this  paper  that  the  important  group  of  beds  com- 
monly known  as  the  Yoredale  Series  in  the  North- Western  parts  of 
Yorkshire  is  a  group  of  the  latter  kind,  convenient  indeed  in  that 
district,  but  quite  incapable  of  being  traced  much  further  North 
either  stratigraphically  or  palajontologically.  ' 

I  cannot  find  a  more  concise  definition  of  what  is  usually  meant 
by  the  term  "Yoredale  Series"  than  that  given  by  my  friend 
Prof.  Nicholson.'  He  says :  '*  The  Yoredale  Series  of  Phillips,  the 
Upper  Limestone  or  Limestone-shale  series  of  some  authors,  con- 
sists of  numerous  alternating  bods  of  limestone,  sandstone,  grit, 
and  shale,  with  a  few  thin  and  worthless  seams  of  coal,  the  wholo 
attaining  a  thickness  of  600  feet,  according  to  Mr.  Forster.  The 
two  most  constant  members  of  the  Yoredale  Series  are  the  *  Tyne- 
bottom  Limestone,*  and  the  *Main,'  *  Great,'  or  *  Twelve-fathom ' 
Limestone,  respectively  the  lowest  and  the  highest  limestones  of  the 
group.  As  regards  Cumberland  and  Westmorland,  the  Yoredale 
Series  is  best  studied  in  Alston  ^loor,  in  Teesdale,  and  along  the 
summit  of  the  Pennine  Escarpment ;  but  for  its  fullest  development 
we  must  look  to  the  valleys  and  hills  of  Yorkshire,  where  it  was 
originally  described  by  Prof.  Phillips,  and  where  it  sometimes 
attains  a  thickness  of  1000  feet.'*  Now  this  set  of  beds  is  bounded 
above   by   the  Millstone-grit,  and  below  by   the   Scar   Limestono 

^  Koad  at  the  Bristol  Meeting  of  the  Britisli  Association,  1st  September,  1875. 
'  Essay  on  the  Geology  of  Cumberlsiud  and  Westiunrlaiid,  by  il.  A.  NichoI;jon, 
D.Sc,  F'.G.S.,  etc.,  I^ndou  and  Manchester,  1868,  p.  7U. 
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Series,  from  which,  however,  it  £a  separateil  by  a  sheet  of  haaaltio 
trap  well  known  ia  Ibe  North  of  EuglanJ  as  the  Great  Whin 
SiU.    It  is  to  this  lowei-  limit  that  I  wish  to  call  paHieular  attentioo. 

Grantiug  that  no  strati  graphical  boundary  could  be  more  con- 
venient than  ona  marked  by  a  non- intrusive,  continuous,  OTenly- 
interbeddcd  mass  of  tni]>,  especially  when  we  remember  that,  e-veu 
in  its  typical  localitiee,  the  Scar  Limestone  Series  is  (setting  fossil 
evidence  aside)  only  distingutBhed  from  the  upper  group  by  the 
tbicknesB  of  its  beds  of  liioestone — granting  this,  it  must  yet  bo 
obvious  that  eaeh  one  of  tlieso  conditions  is  essential  to  the  arrange- 
ment. If  the  basalt  be  shown  to  be  inti-usiva,  that  is,  injected 
among,  aod  not  merely  over,  hardened  beds,  if  it  be  discontinuous 
in  any  jioriion  of  its  course,  if  it  shift  ila  horizon  to  higher  or  lower 
portions  of  the  Carbon ifevoua  mose,  thcu  this  trap  utterly  fiiila  as 
a  natural  divisional  line. 

Kow  iu  a  paper  read  at  the  Bradford  fleeting  of  the  Britisli 
Aflsociation  iu  1873'  by  my  friend  Mr.  W.  Topley,  F.G.S.,  and 
myself,  which,  has  yot  only  been  printed  in  abstract,  we  showed, 
I  believe  quite  conclasively  oven  to  the  late  Prof.  Phillips,  who  had 
foiTnerly  upheld  the  opposite  view,  that  in  ita  career  ocross  Xor- 
thnmherland  to  the  North  Sea  the  Great  Whin  Sill  was  distinctly 
and  undoubtedly  intrusive,  that  it  was  occasionally  discontinuous, 
and  that  it  was  subject  to  diangea  of  level  so  importaat  b«  in  some 
cases  to  carry  it  to  a  position  above  that  very  "  Main  "  or  "  Great " 
Limoslnne  which,  ns  is  ftAtcl  in  the  i]Uolalioii  nbnvo,  is  nnc  of  tho 
higlicKt  beds  in  the  yorodalo  Series.  It  ia  needless  to  repeat  the 
detailed  descrijilions  by  which  we  established  tlicse  facts,  aa  the 
paper  will  probably  before  long  bo  published  in  full ;  but  if  any 
scepticii^m  remain  on  the  subject,  I  would  call  attention  to  n 
section  -  whiob,  in  the  words  of  ono  very  competent  to  form  an 
opinion,  "salisfactorily  clears  up  even  to  the  most  fastidious  person 
the  intrusive  character  of  the  rock."^ 

It  is  true  that  the  Whin  Sill  in  Duriiam  and  along  the  great 
Pennine  Escarpment  is  wonderfully  regular,  and  can,  for  those  portions 
of  its  extent,  be  looked  upon  as,  for  all  practical  purpose.i,  tlio 
equivalent  of  a  truly  interbeddcd  or  contemporaneous  trap,  although 
even  theie  the  signs  of  its  intrusive  nature  were  sufficient  to  con- 
vince so  experienced  an  eye  as  that  of  the  late  Prof.  Sodgivick. 
But  surely  the  mero  fact  tliat  north  of  Alston  Moor  its  horizon 
cannot  ho  depended  on  fur  any  distance  alonr}  ita  outcrop,  ia  sufficiei;t 
to  throw  the  gravest  doubt  on  Ibo  B.asaltic  sheet's  continued  geo- 
logical horizon  to  the  dij)  or  eastern  side.  TJiero  is  no  reason  lo 
bclicvo  lliat  an  ititriisivo  sheet  of  trap  in  which  great  and  frequent 
shifts  of  level  in  one  part  of  ita  area  have  been  proved,  would  lie 

>  On  tlLe  Whin  Sill  of  Xorlhunibcrliind,  bv  W.  Topic;-,  F.G.S.,  nn.l  G.  .\. 
I.ubonr,  F.ti.S.  (Abstratt  in  lUpoit  .if  tlic  Britibli  Assotirilion  for  1873,  London, 
lS7l,iiurt2,  p.  Vj). 

»  Oil  til.'  Mlrciit'  and  '  Kour-Fatliom'  I.tnipsi,.nfs  and  their  ittwiiitcd  hetU 
in  Suiilh  Siirtlm(iLlnTliiii.i,  by  G.  A.  l.cli.mr,  F.ti.S.,  etc..  Trans.  N.  Engl.  losE.  of 
Jli/i.  Kn-.,  ISTJ,  vol.  i\LV.  ]i.  HO,  omi  11^'.  i.  ]il.  sx;;!!!. 
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penistently  between  the  same  beds  in  anj  other  part  of  it,  even  if 
the  examination  of  its  outcrop  in  the  latter  region  have  revealed  no 
change  of  horizon.  Slight  Taiiations  of  level,  however,  seem  to  be 
admitted  by  some  of  the  upholders  of  the  interbedded  character  of 
the  Whin  Sill,  even  sooth  of  Northumberland.^ 

In  arguing  this  point  in  oonversation,  I  have  sometimes  been  met 
with  the  objection  that  the  Great  Whin  Sill  was  not  really  taken  as 
the  boundary  between  the  Toredale  Series  and  the  Scar  Limestone 
Series,  but  that  the  bed  of  limestone  lying  upon  it  in  the  Alston 
District  and  along  the  Pennine  Escarpment  was  taken  as  the  bottom 
Yoredale  bed — ^this  limestone  being  well  known  in  the  lead-mining 
districts  as  the  "  Tyne-bottom  Limestone  *' — ^without  reference  to  the 
trap,  whose  absence  or  presence  had  but  an  accidental  connexion 
with  the  line  of  division.  I  believe  that  this  ingenious  way  of 
shuffling  out  of  the  difficulty  is  of  quite  recent  invention — dating,  in 
fetcty  from  the  time  when  the  true  nature  of  the  Whin  Sill  was  con- 
clusively shown.  That  it  is  so  will  be  made  apparent  by  a  glance 
at  the  most  authoritative  geological  maps  of  England  which  have 
appeared  of  late  years.  In  them  the  Yoredales  and  the  Scar,  or 
Carboniferous  Limestone  proper,  divisions  will  be  found  very  clearly 
defined  by  a  continuous  red  divisional  line  of  Basalt — the  Gi'eat 
Whin  Sill — ^without  a  hint  of  any  other  demarcation  being  sought.' 
Again,  passages  such  as  the  following,  which  testify  similarly  to  the 
general  acceptance  of  the  trap-sheet  as  a  base-line,  might  be  multi- 
plied with  ease,  viz.  "  Yohbdaxe  Rocks. — In  this  series  we  include 
all  the  strata  from  the  Fell-top  Limestone  inclusive  to  the  Great 
Whin  Sill."  • 

My  position  then,  with  regard  to  the  Great  Whin  Sill,  is  this : 
that  being  undoubtedly  intrusive  and  subject  to  change  of  level,  it  is 
totally  unfit  to  serve  as  the  boundary  line  between  two  great  divi- 
sions of  the  Carboniferous  rocks. 

Setting  aside  the  great  trap-sheet  therefore,  and  seeking  for  a  less 
fickle  base  for  the  Yoredale  rocks  in  the  North,  we  have  oflfored 
us  merely  a  bed  of  Limestone — the  Tyne-bottom  Limestone  of  the 
Alston  miners. 

lliis  "  Tyne-bottom  Limestone "  is  the  tenth  calcareous  bed  men- 
tioned by  Westgarth  Forster  (in  descending  order)  in  his  section  of 
the  strata  of  the  Alston  Moor  District  It  has  no  lithological  cha- 
racter to  distinguish  it  from  the  other  limestones,  either  higlior  in 
the  Yoredales  above  it,  or  in  the  Scar  Series  below ;  its  thickness 
(about  22  feet)  is  not  constant,  even  over  a  limited  diHtrict;  its 
fossils  are  useless  for  purposes  of  identification.  Indeed,  no  }>ed 
perhaps  in  the  entire  Carboniferous  Limestone  Sci-ies  in  the  North  of 
England  is  more  difficult  of  identification — certainly  none  has  horl 

*  Nicholson,  op.  jam.  cit.,  p.  78. 

*  The  geological  map  which  accompanic'S  the  Coal  C^'omnjiKHion  lUport  in  an 
exception,  although  in  that  map  the  atwumed  doubtlul  lintr  ol  UnunUtry  hi-twirn 
Toredale  and  Scar  is  more  out  than  UMual,  owing,  doubtlcKH,  to  the  g'-iK^nil  character 
of  the  map. 

»  A  S\Tiopflis  of  the  Geology  of  Durham  and  Part  of  NorthiimUrland,  by 
Bichard  llowse  and  J.  W.  Kirkoy,  Newcattle-ou-T^Uf:,  VWA,y-*^^- 
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EO  many  other  beds  taken  for  it.  Tbe  reaaon  of  tbis  ia  aimijly  that, 
witb  tbe  rooted  belief  tliat  tie  Great  Whin  Sill  was  a  regularly  inter- 
bedded  trap-flow,  whatever  calcareous  band  clianced  to  be  found 
next  aboYB  it  was  instantiy  supposed  to  be  tho  Tyne-bottom  Lime- 
stone. This  idontification  was  sometimes  right  and  sometimes  wrong 
{more  often  the  latter),  and  it  neoeeaarily  led  to  great  confusion  re- 
specting the  horizons  of  the  beds  above.'  In  the  faulted  district 
which,  lies  to  the  North  of  Alston  it  would  be  a  difficult  thing  to 
trace  with  any  certainty  a  line  of  boundary  depending  on  an  ill- 
oharacterized  bed  such  as  this ;  but  in  this  case  the  difScult;  becomes 
almost  an  impossibility  if  we  bring  the  following  considerations  to 
bear  upon  the  subject. 

It  is  no  part  of  the  object  of  this  paper  to  describe  in  detail  the 
beds  which  form  the  so-called  Yorednle  Series  in  Northumberland ; 
but  it  is  necessary,  for  a  proper  imderBtanding  of  my  argument,  that 
I  should  refer  to  a  paper  in  which  I  have  sliown  that  the  several 
beds  of  limestone  which  make  up  the  calcareous  element  of  the  aeriea 
in  tho  Alston  District  incrooae  in  number  in  its  northern  extension, 
that  not  only  limestones  of  avemge  thickness,  but  also  grits,  shales, 
and  coals  appear,  and  sometimes  disappear,  as  intercalated  beds  of 
greater  or  less  continuity,' 

The  Yoredales,  whioh  in  the  Alston  Disti-ict  are  about  500  feet  thick, 
in  about  twenty  miles  of  northerly  trmd  increEtse  to  some  2000  feet, 
only  n  few  of  tho  more  marked  beds  being  tmcenble  tbi-oughout. 
Among  these  tho  Tytic-hottom  Limestone  has  no  place.  No  one  but 
A  Wonierian  miner,  relying  on  the  golden  nile  of  thumb,  conld  at 
the  end  of  the  twenty  miles  point  out  with  any  degree  of  certainty 
the  bed  which  is  indeed  the  "Tyne-bottom."  It  may  be  there,  or  it 
may  have  thinned  out,  as  ninny  others  have  been  proved  to  do. 
At  any  rate,  here  is  no  fit  base  for  a  gi-eat  strati  graphical  division. 
In  the  Pennine  Eacarpuient,  however  unphi]oso])hical  and  unnatural 
tho  line  might  be  shown  to  be,  it  is  a  convenient  one.  Here  in  mid- 
^''orthuniberland  it  has  not  even  that  reconmiendation.     No  doubt  a 
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beds  of  ilie  Carboniferona  Series,'  and  the  massive  calcareous  forma- 
tion which  sufficiently  distinguishes  the  Scar  Series  to  the  south  has 
giren  place  in  the  west  of  this  county  to  a  mere  extension  below  of 
the  Yoredale  Series  above.  In  a  sense  it  would  be  correct  to  say 
that  in  Northumberland  the  Toredale  Series  is  the  only  part  of  the 
Carboniferous  Series  below  the  Millstone-grit  present,  with  the  ex- 
ception of  the  Galciferous  Sandstone,  or  Tuedian,  group. 

But  only  in  a  very  limited  sense  would  this  be  true.  When  Prof. 
de  Koninck,  in  receiving  the  Wollaston  Qold  Medal  of  the  G^logical 
Society  in  February  last,  took  occasion  to  state,  or  rather  to  imply 
perhaps,  that  the  faunas  of  the  Carboniferous  Limestone  Series  of  the 
North  of  England  and  of  Scotland  were  identical  with  that  of  the 
Calcaire  de  yis6  (the  uppermost  of  his  three  Belgian  divisions),' 
he  no  doubt  said  so  in  this  limited  sense.  Palseontologioally  there 
is  no  break  in  the  northernmost  part  of  England  between  the 
Soar  and  the  Toredale  Series,  but  this  only  means  that  the  circum- 
stances of  life  and  of  deposition  were  in  this  region  free  from  the 
changes  which  in  the  south  determined  those  groupings  of  Carboni- 
ferous organisms  which  mark  o£f  into  clear  stages  the  Carboniferous 
Limestone  as  a  whole.  -  These  northern  beds  are  not  the  Toredales 
alone,  increased  to  an  enormous  thickness.  They  are  the  Yoredalesp/fc« 
the  Scar  Limestone,  rendered  indistinguishable  by  the  geographical 
features  of  their  time.  They  as  truly  represent  the  Toumai  and  the 
Dinant  as  they  do  the  Yise  division,  although  they  may  be  homo- 
taxeous  with  the  last  alone.  The  life  conditions  of  YiH6  lasted  in 
Northumberland  from  the  olose  of  the  Caloiferoiis  or  Tuedian  age  to 
the  time  of  the  Millstone-grit,  or  possibly  to  the  beginning  of  the 
Coal-measure  Period.  Thus  it  is  that  in  that  part  of  England  the 
Yoredales,  the  Scar  Series,  etc.,  are  mere  names  without  sigijifionnoe. 

"  In  fact,"  as  Prof.  Ramsay  has  so  well  said,  "  viewed  oh  a  whole, 
the  Carboniferous  Series  consists  only  of  one  great  formation,  pos- 
sessing different  lithological  characters  in  different  areas,  thoHe 
having  been  ruled  by  circumstances  dependent  on  whether  tlio  stnitA 
were  formed  in  deep,  clear,  open  seas,  or  near  land,  or  nctiially,  as 
in  the  case  of  the  vegetable  matter  that  forms  the  coals,  on  the  land 
itself"  • 

Since  then  no  Yoredales  proper  and  no  Scar  Limestones  propor 
can  be  shown  to  exist,  as  such,  in  the  great  Carlx^uiforoiiH  lAuianUmfi 
Series  of  Northumberland,  and  since  no  comprehouHivi)  name  has 
been  given  to  the  blemling  of  thebe  two  divisions  whicli  foriiiN  the 
link  between  the  Yorkshire  and  the  Scottish  types  of  tho  wri*!S,  ninl 
which  is  developed  to  its  fullest  rrxt'*nt  in  Northimil^^^Ian'l,  iwnrie 
special  name  denoting  this  scHch  muHt  rnxmer  or  lat/^r  !/«)  r/t\uf'\» 
May  I  venture  to  suggest  '*  Bemician  Series "  as  a  suitable  t^jrm 

*  Up  to  the  prpjient  time,  th*-  w#!ll-fnark#?d  /oraninif<rr  HaKenmminn  Cortfri,  Urtttltf 
i»  appareotlr  limited  Ui  a  }ttA  in  tb«t  \'p\ftfT  or  \'*>xtA!i\f.  yhtX  of  tb«  mti^h,  viz.  iM 
Four-fathom  Limestone. 

'  Ah>tract  of  Vrttt,.  of  the  Ofol    .S'*';.  of  Ix^/Ion,  No.  V>f*f,  p.  2. 

•  PhTHical  Geolr>jfT  and  O'^f'/rapby  of  Great  hritaio,  \tj  A,  C.  Ram*»y,  Lf..ri.^ 
F.B.8.i  2iid  tidi»iaa,'un,  p.  7«, 


e-gril? 
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for  theae— the  beda  whlcli  in  NortluiinbertaDd  lie  between  Uie  Tue^tan 
(or  liettur  Vaienlian,  Geikie,  SIS.]  £ocka  and  the  MilUtoue-grit  ? 
The  L^nu  explains  itself,  auJ  gives  no  handle  to  theoretical  i 

apiilioalioii. 

IV. — Notes  on  Wkbt  Ihdiih  Fossiia 
Bj  w.  M,  GiBB, 

Of  the  Academy  of  KalonJ  SeieweE,  rUikdoipliU.  U-S.A- 

ON  my  return  to  oivilizfttion,  after  an  absence  of  nearly  three 
years,  1  observe  in  tlie  Gboi^oioai.  MiOizisE  for  1874,  New 
SerieB,  Decade  IL  Vol.  I.,  pp.  404  and  433,  a  paper  by  Mr,  K.  J.  L. 
Ouppy,  of  Trinidad,  describing  new  species  of  foBsils  from  the  West 
Indian  Tortiaries,  to  which  is  appended  a  list  of  the  foaails  known 
to  him  «p  to  that  date.  Unfortunately  Mr.  Guppy  has  overlooked 
my  Slcfuoir  on  the  Geology  of  Santo  Domingo,  published  in  the 
IVaueaolious  of  the  American  Pbilosophical  Society  more  than  a  year 
betore  the  date  of  his  paper.  In  that  paper  I  nearly  doubled  tha 
list  of  known  fossils  in  the  Weat  Indian  Miocene,  baaing  my  de- 
terminations on  a  collection  of  unprecedented  magnitude,  made  during 
the  prosecution  of  the  Geological  Survey  of  Ihe  Doininican  Hepnblic 
Although  ignorant  of  tbe  csiatanoe  of  this  paper,  Mr.  Ouppy  baa 
been  fortunate  in  not  Tedeeoribing  any  of  the  species  ooatained  in 
it,  10  fiur  as  I  qui  make  out,  eave  viOi  tiie  foUoviDg  6xoeptioDB : 

Phoit  erecltis,  Guppy,  Geol.  Mag.  PI.  XVI-  Fig.  1,  ie  the  species 
dfscriboj  by  ma  iiinle'r  tliL'  iiam<>  uf  P.  G-j'j'i)!,  in  rec^yiiilion  -A  thai 
gentleman's  extensive  labours  in  the  region. 

1  liad  jii-cvioiisly  pointed  out  that  the  shell  described  by  Sowerby 
ns  Conns  solidus,  and  le-named  by  Mr.  Gupjiy  as  C.  recogailnt,  is 
iilenlicil  with  Iteevo's  jiyri/ormis. 

Turrilclia  jilanigijrata,  G.,  is  common  in  Santo  Domingo,  and  Mr. 
Giippy's  description  must  be  amplified  so  as  lo  cover  individuals  quite 
heavily,  but  always  evenly  ribbed. 

I  cannot  iiulorso  the  snggestion  of  a  new  generic  name  for  GoMia, 
oven  granting  the  ji re- occupation  of  the  old  name  among  birds. 
Numerous  precedents  exist  for  retaining  the  old,  well-known  name; 
and  a  following  out  of  the  same  idea  would  create  much  more  oou- 
fusion  in  nomenclature  than  it  would  obviate. 

I  appeiul  a  list  of  the  fossil  corals  belonging  fo  the  Geological 
Snrvey  Collection,  and  recently  determined  by  Count  Pourtales. 
Li'**  of  Fossil  Corah  collected  hij  W.  N.  Gahb,  Esq.,  in  Santo  Doiuiago. 

liy  L.   F.  r01.HTAJ.E8. 

The  following  list  comprises  alt  tlie  fossil  corals  collected  by  Mr, 
Gabb  in  Santo  Uuniingo.  Tiie  greater  numlicr  are  staled  to  be  from 
Ihi-  Miocene,  a  few  from  ihe  Post -Pliocene,  and  fewer  yet  from  llic 
Cielaccous.  The  latter  are  very  much  altered  by  fosailization,  while 
among  the  fonner,  many  are  in  an  excellent  state  of  preservation. 

The  determination  is  of  course  based  on  the  valuable  papers  oa 
T\'i'St  Indian  fossil  corals,  published  by  Prof.  1'.  M.  Duncan,  F.lt.S., 
in  the  Quarterly  Journal  ot  \W  Geo\o^\wji.V  Society.     A  few  forms  ap- 
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with  wiki  Apr  aymz  lit  Bcmnwrpc  nr  iosntifif^i  isie  snll  in  irroat 
oonfosKm.  ■&.  for  TTHffMnafc.  iz.  XncMmnuc  &  c'SLVt  ix  wiiisL  1^  «praoc 
appear  to  iurr*  xwbl  nfe^jdflBJT  mnhTjiTy^a.  Sxd«  die  pnluinMi^n  of 
ProL  ThroGBi'i  pspsr  twi  rsx»enL.  sxipztnBStc  erdziA.  bivt  heen  f>un;i 
to  be  sdll  Ering  in  aeffi  irHLsr  ir  At  W«:  InaJsR.  Thej  are  Trivl*^ 
eiroiiku  and  AmiSiMa^  Imse^  aaa-craagiTig  ^rZ:  j«r:^babhr  revcial  still 
more. 


M   I 


or 


MMMCA.  Dane. 


^.  —iwfa.  Done. 

rrvcAflMtOM  ■MAwjnMC  E.  ^  H. 
BiekoeetnU  Sukenf  K  Ic  H. 
2>.  /ifA«ro««,  Dnnc 
TekUphplUa  grmmii^  Dime. 

r.  ipw 

SitpAjfilimf  ip. 

Post 

DiehoetgnUi,  sp. 

Suphanoecgnia  imUrruptm^  £.  &  H. 
EutmiUia  fastigiaia,  E.  &  H. 
Mtandrina  9trigo9A,  Dane. 
Mdmeina  anoltUa,  Ehrbg. 


MtritimM  arnoUtM^  Ehrilg. 
OrhietiU  4iiii.m>iii.  Danm. 
O.  eMii«i«Mte,  Dune.  sp. 
fV«ifarii*rctf_  fn. 

Flefitsr^M  ramt*^  Dnnc. 
5tdlrr««^«a  yoilum^  E  &  H. 
5.  tidtrem^  Bbmir. 
Ayarina  m^mricitet^  Lmk. 
lirit/9  furtmtm^  Lmk. 
Pociliopora  crmssoramot*^  Dane. 

Pliocene. 

Colpophjfttia  yproM,  E.  &  II. 
Orbieella  cmtfmota^  Dana. 
0.  endothtcata^  Dune.  sp. 
Pfesiattrtea  ramea^  Dune. 
Poritf  attrmoides,  Lmk. 


V. — Notes  on  Diamonds  from  the  Cape  op  Good  Hope.* 

By  Professor  Tbnnant,  F.O.S. 

THE  first  Sonth  African  diamond  was  found  in  Maroli,  1867,  nnd  nn 
examining  its  physical  characters,  it  was  pronounco<l  by  Dr. 
Atherstone  to  be  genuine.  When  this  stone  was  received  in  London, 
it  created  considerable  interest,  and  also  some  degree  of  Biinpicion, 
some  persons  having  asserted  that  it  was  brought  forward  for  in(«r- 
cenary  purposes;  letters  even  appeared  in  the  public  pnpors  iniiilyirig 
that  it  was  impossible  it  could  have  been  found  near  llot^n  Town. 
As  Dr.  W.  G.  Atherstone,  F.G.S.,  of  Gralwm's  Town  (whom  Marcih, 
1867,  examined  and  pronounced  the  stone  to  be  a  diamond),  in  now  in 
Bristol,  I  beg  to  offer  a  few  geneml  remarks  on  the  Capo  diamonds, 
and  also  to  express  in  public  my  thankn  to  him. 

The  late  Mr.  Ma  we,  who  wrote  on  diurnondn,  and  d^«orib#id  tiM'ir 
mode  of  occurrence  in  his  Travols  in  Hra/JI  (Fiondon,  IHJ2;,  of't'in 
expressed  to  me  his  opinion  of  the  probability  of  ib«ur  *ix\n\«}Uf*i  in 

*  Read  before  the  Geological  Section  of  the  liritinh  Aii^friHii/rri  ni  Ut'mi/Af  ft*p- 
tember  lit,  1S75. 
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South  Africa,  aud  saiil  tliat  if  people  only  knew  them  in  t1  e  nfttnnl 
stale  ha  felt  confident  tboy  would  be  found.'  He  died  in  1829,  anH 
1  took  every  opportunity  to  make  the  aubjeot  known  by  laeana  of 
short  papers,  acoomponicd  by  figures  ehowiug  the  ordinary  crystal- 
line form  of  the  diamond. 

The  nnmber  and  quality  of  diamonds  from  the  Cape  are  equal  to 
tiiose  from  the  Brazils,  wtuch  have  chiefly  siippLied  Europe  during 
the  laat  eighty  years. 

About  ten  per  cent,  of  the  Cape  diamonds  may  bo  classiGed  as 
of  the  first  quality,  fifteen  per  cent,  of  the  second,  twenty  per  cenl. 
of  the  third ;  the  remainder,  under  the  name  of  borl,  are  employMl 
for  cutting  diamonds,  and  for  the  varieiis  economio  purposes  to  which 
this  valuable  substance  is  applied  by  the  glazier,  the  engineer  for 
drilling  rocks,  tho  lapidary,  and  others.  Many  diamonds  contain 
specs  and  cavities ;  these  are  placed  in  the  hands  of  skilled  workmen 
who  are  acqnainted  with  tbe  cleavage,  and  by  careful  manipulalioii 
they  arc  frequently  able  to  remove  these  blemishes,  and  so  to  obtaiu 
portions  of  the  gems  of  the  first  quality  for  making  small  "  bril- 
liants," "rosea,"  and  "tables." 

The  cutting  and  polishing  of  diamonds  was  carried  on  in  London 
with  great  success  20U  years  ago ;  snbsequeutiy  it  was  carried  oti 
ohieOy  in  Holland  ;  but  several  attempts  have  been  made  to  re-eatab- 
liah  the  lisde  in  this  country. 

In  1874  the  TnmBn*  Company  offered  prizes,  in  the  form  of   ' 
medals  mid  tho  free.loni  of  the  City  of  T.nn.lon.  for  the  best  specimens 
of  diamond-cutling.    The  Baroness  Burdelt-Coutts  has  suppleraonted 
this  by  the  addition  of  money  prizes,  and  has  ofl'ered  to  contribute 
the  further  sum  of  JE50  for  prizes  in  the  year  187G. 

It  is  estimated  tliat  the  value  of  the  diamonds  found  at  the  Cape 
from  March,  18<>7,  to  the  present  time,  exceeds  twelve  millions 
of  pounds  sterling. 

I  am  enabled  to  exhibit  not  only  a  large  collection  of  these 
diamonds,  but  also  samples  of  tbe  natural  materials  found  associated 
with  them.'  In  November,  1873,  one  of  my  former  students  brought 
nie  the  specimen  from  South  Africa  represented  in  Fig,  1,  which  in 
its  original  state  weighed  J12  carats;  it  has  since  been  cut  by  a 
London  firm  of  dinniond-cutters  into  tbe  beantiful  brilliant  repre^ 
aonled  by  Figs  2,  3,  and  4,  weighing  66  carats.  The  stone  has  a 
delicate  yellow  tinge,  and  exceeds  in  liie  and  britlianey  atiy  diamond 
IB  the  BritUh  Crown. 

It  may  be  remarked,  with  regard  to  this  class  of  gem-cutting, 
that  200  years  since  the  English  diamond- cutlers  were  tho  rooet 
celebrated  in  the  world.  Tlio  diamond-cutting  trade  is  now 
coming  back  to  England,  and  the  stone  figured  above  affords  a  fail 
sample  of  what  excellent  work  can  now  bo  done  here.  I  may 
mention    that    the    stone    in    its  present   form    is    worth    £10,000. 

'  I'rot.  Tennant  riplnincd  tliat  ttic  diumoad  in  ita  nnturat  elate  bore  coDsidErable 
rpwmhiance  lo  a  piece  of  f!iini. 

'  I'mf.  'I'cunnnl  estiibited  r  SoiLth  Africnn  diamond  in  the  mBtri.i  (consisting 
chiefly  of  broken  fnii^ientj  of  thioritic  and  clay-elates),  likewise  Bome  interesting 
pbotogruphs  of  the  Diamoad-wortangB  vn  Bwntti  kfawa. 
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vrhilst  the  value  of  the  modols  of  it,  whioh  havs  boea  ont  by  the  best 
lapidaries,  ia  a,  mare  trifle,  that  in  glass  oosting  but  lOi.,  and  that 
in  orystal  but  £2.  The  rule  given  by  Jeffries  and  the  best  autho- 
rities upon  diamonds  for  ascertaining  the  value  of  out  diamonds,  is 
to  multiply  the  square  of  the  weight  in  carats  by  eight,  and  oall 
it  pounds,  so  that  this  diamond  would,  aooording  to  this  oomputatiou, 
be  worth  66  X  66  X  8  =  £34,848. 


VI, — NoMENOLATua*  or  the  Dbitt. 
B]r  Q.  n.  KiRABAH,  M.B.I.A. 

Fthe  short  notice  on  the  Drift  (Qcol.  Mao.  July,  1875,  p.  328) 
I  did  not  mean  specially  to  oondemn  Mr.  Birds ;  the  paper  being 
intended  as  a  general  protest  against  the  loose  nomenclature  used 
by  former  writers  and  adopted  by  those  of  the  present  day. 

As  to  the  Irish  gravels,  they  have  never  been  systematically 
examined  or  daseed.  We  have  different  gravels — 1st,  under  tlie 
25-feet  contour-line ;  2nd,  nnder  the  110-feet  contour- 1  ine ;  and 
Srd,  nnder  the  350-feet  contour-line— all  more  or  less  containing 
marine  shells.  Although  these  gnvels  are  of  distinct  ages,  yet  the 
fossils  collected  from  t^ni  have  been  lumped  together.  Then  older 
than  the  Esker  gravels  (nnder  the  350-feet  contour-line),  there  are 
gravels  at  about  the  following  respective  heights — 650  feet,  7flO  feet, 
and  1200  feet,  some  of  which  contain  fossils,  and  although  these 
gravels  must  be  much  older  than  the  three  gronps  first  namoil,  yet 
their  fossils  have  been  all  classed  together.  I  remember  hearing  my 
brother,  the  late  Dr.  Kinahan,  remark  that  the  gronp  of  fosxils  from 
the  gravels  at  Bohemabreena  (about  200  feet)  were  distinct  from 
the  group  found  in  the  gravels  at  Uowth  and  the  coast  to  the  north- 
ward (under  100  feet).  In  no  place  in  Ireland  have  I  seen  gravels 
belonging  to  the  first  three  groups  (the  third  being  the  so-oall^^^ 
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jaxAAXa  gravelB")  under  normal  glacial  drift,  ftltboogh  1  bnve  ft: 
graveU  belonging  to  all  the  olher§  so  situated. 

In  Ireland  (.ho  reBUrrectioniBts  have  employed  very  loose  evitlenco 
io  reinstate  their  "middle  gravel,"  and  from  what  I  have  seen  in 
some  plnces  in  England,  very  similar  evidence  has  been  used  there 
also.  After  the  ioe  and  waters  of  tiio  different  eeAs  disappeareii 
from  the  face  of  the  country,  the  Utter  muat  have  been  more  or  less 
destitute  of  a  protecting  envelope  of  vegetation  ;  therefore  meteoric 
abrasion  had  a  maximum  denuding  power,  that  formed  extensive 
Bbeeta  of  a  re-arranged  drift.  These  acoumulationa  in  low  places 
were  thick,  but  gradually  thinned  a»  they  ascended  heights.  This 
process  may  be  seen  going  on  at  the  present  day  in  the  neighboar- 
nood  of  Swansea,  where  the  suliiburoua  fnmoa  from  the  furnaces 
have  destrojod  vegetation,  while  Agasaiz  mentions  the  formation  of 
a  similar  drift  in  Brazil.  This  ro-arranged  drift  in  places  in  Ireland 
baa  been  made  to  do  duty  as  "  Upper  Boulder-clay,"  and  I  vtm 
ebown  a  Bimilar  drift  in  Ijtincaahire  as  "  Upper  Boulder-olay-"  I 
am  very  much  afraid  that  the  statement  made  by  the  President  of 
Section  C,  at  the  lalc  Meeting  of  the  British  Association  in  Bristol  is 
too  true;  and  that  there  is  no  one  living  capable  of  writing  about  the 
Giaoial  Period,  aa  our  knowledge  of  it  and  what  probably  took  place 
during  it  ia  very  crude.     In  the  County  Dublin  there  are  low  and 

»high  level  gi-avola  and  drifts  containing  uarine  shelle;  and  the 
TarioDa  writers  on  tha  aubjeat,  myself  among  the  namber.  have  pnl 
forward  more  or  less  viigue  speciilrilions  and  theorien  to  account  fur 
llie  (liflircnce  in  their  levels ;  wbilo  none  of  ua  over  lliought  of  col- 
lecting the  fossils  from  (he  different  zones,  and  seeing  if  they  formed 
similar  groups.  If  the  latter  was  done,  I  would  not  be  surprised  to 
hoar,  (ho  groups  liad  more  or  less  different  characters,  showing  the 
gravels  to  be  of  different  ages. 

VII. — A  Chapter  in  the  History  of  METEOniTKS. 

By  Walter  Flight.  D.Sc.  F.G.S,, 

Of  the  Dopattmcnt  of  Mineralopy,  British  Museum. 

(^Cnnlinutd from  fagi  504.) 

Found  1861.— Breitenbach,  Bohemia.' 

Tliis  remarkable  siderolite  was  found  in  Bohemia,  at  a  spot  not 
very  far  distant  from  tlio  Saxon  frontier  or  indeed  from  Rittersgriiii, 
in  Saxony,  where  a  mass  closely  resembling  it  was  almost  contem- 
poraneously found.  So  far  back  aa  1751  at  Steinbacli,  a  village 
almut  midway  between  Breitenbach  and  llittersgriin,  a  meteorite  in 
all  respects  similar  was  discovered;  the  three  masses  aro  so  similar 
to  one  another  and  ko  dissimilar  to  any  others  preserved  in  collections 
that  there  can  be  little  doubt  that  they  belong  to  the  same  fall.  In 
1825  Stromeycr  examined  a  siJerolite  in  which  he  found  CIS  per 
cent,  of  silica;  this  also  appears  to  have  bceu  a  member  of  this 

1  N.  Story-MiMkcljiii.  Prof .  Jiovn/ .5(.r.  IHGS,  xii.  2fiG— V.  vi>n  T.anp.  tiittber. 
^t.  JTi,,.  K'mi,  18150,  lii.  8ia.  Pa^g.  Ann.  cxiiiT.  31o.-N.  SlorY-Miiffciirnf, 
PM.  Dans.  1871,  clii.  3.^9.— O.  vom  Rntli.  Zeil.  Drui.  Oed.  Oaill.  'lle,l,«.  iin. 
txr.  106.     Tofff.  Ann.  Eigani.-BA.  \i.  a'il.    JaKrb.  SliMTolosie,  1874,  i.  79. 
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shower  of  meteoriteB,  belieTed  by  Breithaupt  to  have  boon  the 
"  Eiaenregen "  which  occurred  at  Whitsuntide,  11C4,  in  Saxony, 
when  a  mass  of  iron  fell  near  the  town  of  Meisaen. 

A  polished  8urfiBu»  of  either  of  these  masses  exhibits  irregularly 
formed  patches  of  nickel-iron,  the  interspaces  being  |>artly  tillod 
with  small  patches  of  iron  sulphide,  the  greater  portion  of  tho 
smrfaoe  being  occupied  by  a  greenish  and  greyish-brown  crystalline 
magma.  After  the  removal  of  the  two  first-mentioneil  ingrodiouta 
with  mercury  chloride,  the  magma  is  found  to  consist  of  (I)  highly 
crystalline,  bright  green  or  greenish-yellow  grains;  (2)  rusty-bn>wn, 
sometimes  nearly  black,  sometimes  also  nearly  colourless  grains  of 
a  mineral  presenting  crystalline  features,  but  on  whicli  dofinito 
planes  are  rare ;  and  (3)  crystalline  grains  of  chromite. 

The  first  of  these  ingredients  is  bronzite,  the  crystallographic 
characters  of  which  are  described  in  the  paper  of  von  Iiang»  who 
gives  the  results  of  measurements  made  on  nine  crystals;  those 
results  are  mineralogically  important  as  affording  for  the  first  time 
complete  data  for  the  crystallography  of  a  rhombic  mineral  having 
the  formula  of  enstatite.     The  elements  of  the  crystal  are  : 

a  :  6  :  0  r=  0*87668  :  0*84960  :  1 

which  give  the  following  among  the  important  angles  by  calculation : 

110,010  =  44''  8' 
101,100  =  41*  11' 
011,010  =  40*  16' 

Von  Lang  observed  the  following  faces  : 

100,  010,  001,  on,  064,  302,  101,  102,  103, 104,  410,  620,  210,630,  110,  120,  260, 
130,  111,  121,  112,  122,  212,  133,  232,  124,  144,  324,  344,  624.1 

The  most  important  zonal  relations  of  those  faces  are  shown  in 
the  spherical  projection  appended  to  his  paper. 

The  hardness  of  this  mineral  is  6  and  the  specific  gravity  .'{•2.'J8, 
a  number  differing  but  slightly  from  those  dotonninod  i)y  Siroinoyor 
and  estimated  by  Rumler  in  the  case  of  the  silicatos  of  tlio  Stoliibiioh 
siderolite.  The  composition  of  the  bronzite,  as  doterniinod  by  aimlyHes 
made  by  the  new  method  of  distillation  already  alluded  to  (i»ttgo 
408)  and  by  fusion  with  alkaline  carbonates,  was  found  to  lie  : 

I.  II.  Mran,  Oxyffen, 

Silicic  acid      66101  ...  66002  ...  66061  ...  XWHO 

Magnesia 30-216  ...  31-470  ...  30H47  ...  1234 

Iron  protoxide 13-683  ...  13-2»6  ...  13'43tf  ...  2^7 

99-899  100-776  100337 

These  numbers  correspond  very  closely  with  the  formula  (Mgj,  Foj^ ) 
SiO,.  This  bronzite,  which  occurs  in  association  with  niclc';l-iron, 
contains  only  half  the  amount  of  iron  met  with  in  tlio  bronzit/)  of 
the  Manegaum  meteorite  (page  40'^),  which  stone  a>n tains  n';xt  to 
no    nickel-iron.     Kammelsberg*  has  recently  \9()\ui(A  out  ihh  fa/it 

*  About  the  time  that  too  Iahjt  puhlu»h<rd  th««;  r#«ult**  vom  K«th  uut^nrt^i  nftmn 
CTTstali  of  terrestrial  bronzite,  found  in  a  Mini<iin<r  U/mb  from  thf;  \Mi%f\i^t^^,f  And 
arfiTed  at  remits  which  acc'jrd  rerr  exactly  with  th'^;  of  von  I^nj^.  f  h*gg»  Ann.t 
cxxxTiii.  529.) 

»  C.  RammeUbenr.  Pogg.  Ann.,  cxl.  311.  IUmmeI*il*<rrjr  draw*  ttlt#frili//n  U»  ib«? 
remarkable  accordance  b<rtw<-*fn  the  anfirle«  of  bronzit';  ari'l  olivin*;.  whi';h  woul'l 
explain  the  fact  of  G.  Vi/t^  baring  regankd  thfc  ftilkkU:  \u  \Uh  W\»W*iV\\a:^  'A  ViaXXkiv* 
giiin  and  Steanlmcb  as  oiitioe,     'Jiw  o/iie  to  p«|^«  %\%.) 
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Ihat  in  Stmmeyer's  paper,  already  alluded  to,  the  epecifio  gravity 
the  silicale  ia  given  =  3-7  ;  and  lie  shows  that,  although  the  mineml 
analyeed  by  Stromeyer  contained  utnlecompoaod  silicate,  or  more 
probably  afimanite,  the  ratio  of  Fe  to  Mg  is  Iho  same  as  ia  the  above 
analyaes. 

By  treating  with  hydrochloric  acid  the  dark-oolourod  gTsias  coo- 
atituting  the  eeoond  ingredient  of  the  meteorite  and  forming  aljout 
one-thini  of  the  masa  of  the  mixed  eilioates  the  iron  staining  tbem 
U  removed,  and  they  are  left  in  a  Btate  of  eolourlcae  parity.  This 
mineral,  to  which  Maakelyne  haa  given  the  name  asmanito,'  is  silicic 
Hid,  posseBsing  the  specific  gravity  of  quartz  after  fusion,  and 
orystallising  in  forms  belonging  to  the  otthorhombio  system.  The 
grains  of  asmaiiile  are  very  minute  and  much  rounded,  and,  although 
entirely  crystalline,  they  very  rarely  present  faces  offering  any 
oh.ince  tor  a  result  with  the  goniometer;  from  several  thousand 
little  grains  oomprised  in  some  two  grnmraes  of  material  Miukelyne 
obtained  a  very  few  crystaU  with  sufficiently  distinct  crystallogniphic 
features  to  be  avnilable  (br  measuremeut.  He  found  the  panuueltal 
ratios  of  asmanito  to  be : 

a  :  h  :  c  =  1-7*37  :  1  :  3-3120 
The  angles,  aa  calculated  from  these  data  and  as  found  on  seven 
different  crystals,  are  as  follow  : 


1M,W8-  31' Iff 

101=  37  46 

iOi=  ifi  aa 
ioa=  o7  10 

O0l=  BO   0 

a7"io' 

46  18 
90 "'  0 

a:"iB' 

31*  SI 

27  46 

67  34 
90  0 

001,103=  32  20 
303 =  61  13 

32  n 

61  32 

32  19 

102=  13  31 

43  34 

101=  i;2  14 

100,010=  90   0 

110=  60  10 

02  17 

60  13 

62  14 
60  10 

-110  =  116  7    ... 

...   116   7 

110=  32  2S 

32  66 

62  21 

68  36 

110=  BO   0 

90   0 

O0l=  63  62 

...    64   0 

...    68  30 

101=  62  18    !!! 

61  4S 

The  cleavage-plane  001  has  a  vitreous  lustre,  that  on  the  planes  of 
the  forms  100  and  101,  as  also  of  the  rounded  atirface  in  the  zone 
with  tliem,  is  usually  resinous,  recalling  the  lustre  of  opal.     The 
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faces  of  the  octaid  forms  are  almost  inyariably  rounded.  The 
optical  characters  confirm  the  measurements  in  showing  asmanito  to 
be  rhombic,  the  optic  axes  being  very  distinct  and  widely  separated ; 
their  apparent  angle,  as  measured  in  air,  is  107°  to  107°  30^. 

The  hardness  of  this  mineral  is  6*6 ,  and  the  specific  gravity  2*245 ; 
according  to  vom  Bath  2*247.  Of  the  following  analyses,  I.  and 
n.  are  the  original  analyses  given  in  Maskelyne's  paper,  III.  are 
the  results  of  a  recent  analytical  examination  by  vom  Rath  : 


I.                  II.                 III. 

BiUcic  acid  ... 

•  •  • 

...     97-430    ...  [W-210]   ...     96-3 

Iron  oxide   ... 

•  •  • 

...       1*124     •.•                     ,,,        1,6 

Lime    

••• 

...      0-578    ...      0-790    ...    trace 

Magnesia     ... 

•  •  • 

...      1-509    ...  )                ...      1-1 

100-641  100000  99-00 

It  is  not  a  little  curious  to  find  that  in  his  Catalogue  of  the  Vienna 
Collection  Partseh^  describes  a  specimen  of  the  Steinbach  meteorite 
as  ''native  iron,  jagged  and  hackly,  with  quartM  in  grains^  and  a 
yellow  fluorspar."  The  detection  by  G.  Hose  of  quartz  in  the  oxi- 
dised crust  of  the  Toluca  iron  is  the  only  earlier  instance  recorded 
of  the  occurrence  of  free  silica  in  a  meteorite.  The  solvent  action  of 
an  aqueous  solution  of  sodium  carbonate  on  asmanite  and  quartz  in 
powder  appears  to  be  uniform. 

As  regards  the  relation  in  which  the  three  forms  of  cryHtallised 
silicic  acid  stand  to  each  other  in  respect  to  the  mode  of  their  for- 
mation, vom  Bath  remarks  that  while  crystals  of  quartz  have  in 
most  cases  unquestionably  separated  from  aqueous  solution,  and 
tridymite,  as  a  characteristic  mineral  of  the  druses  of  volcanic  rocks, 
appears  to  require  the  co-operation  of  vapour  for  its  formation,  wo 
have  probably  in  asmanite  silicic  acid -crystallised  from  a  molten 
mass  which  has  become  solid.  Crystallised  silica  has  not  vet  Ijeen 
produced  by  fusion ;  when  it  is,  it  will  probably  have  the  characters 
of  asmanite. 

The  nickel-iron  of  this  siderolite  exhibits  figures  when  etched, 
and  consists  of: 


I. 

n. 

Mean, 

Xgmvalent  Ratiot. 

Iron 

... 

S9-976 

•  •  « 

90873 

90-426 

...      3229 

Nickel     ... 

... 

9-642 

•  «  • 

8-927 

9-284 

...       0'3I4 

Cobalt     .^ 

••• 

0-383 

•  •  • 

0-195      ...        0-290 

...       0010 

Copper    ... 

a*. 

trace 

•  «  • 

trace 

100-000  100-000  100-000 

The  above  ratios  differ  but  slightly  from  Fe  :  (S\,  Ot)  =  10  :  1. 
Rube's  examination  of  the  Ritten^griiu  iron  yielde<l  \*iry  fiiruilar 
per-centage  numbers.  The  chromite  of  this  siderolite  givf;S  angle* 
corresponding  to  a  regular  octahedron. 

^  P.  ParticiL  I>ifc  KeUiMiWs  im  k.  k.  Eof-Miiunlia-Kabuwtte  zn  Wi«3L 
1S43.     ?«;« 95. 
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Fonitd  1861. — Cranboome,  near  Helbonme,  Australia' 
[Lat.  38"  II  8, ;  Long.  145^  SO"  E.] ' 

Tiiia  enomiouB  block  of  meteoric  iron,  which  is  a  familiar  object 
to  those  frequenting  tlie  British  Museum,  is,  with  the  exception  of 
the  recently  found  Ovifak  irons,  preBorvod  at  Stockholm  and  Copen- 
hagen, the  largest  meteorite  contained  in  any  ooUection.  The 
minerals  compoaing  it  have  for  some  time  psHt  formed  the  subject 
of  an  investigation,  and  the  results  which  I  have  obtained  will  shortly 
be  publiehed.  It  will  suffice  here  to  state  that  the  Austmlian,  like 
the  Qreeulaud  irons,  oxidises  on  exposure  to  moist  air  and  scales  ofT. 
These  ma^Bes  differ  in  that  the  Uvifak  iron  yields  a  rusty-brown 
coarse  powder,  apparently  without  structure ;  in  the  debris  of  the 
Australian  iron,  on  the  other  hand,  distinct  crystals  of  niokel-iron 
are  to  be  met  with.  Though  partially  converted  into  oxide  and 
readily  broken  when  handled,  they  attain  aft«r  treatment  with 
an  excess  of  hydrogen  at  a  red  heat  their  pristine  stability.  A  num- 
ber of  crystals,  apparently  tetrahedra,  of  nickel-iron,  largo  and 
very  perfect,  as  well  as  plates  of  what  may  possibly  bo  beam-iron 
and  which  lie,  though  not  i mm od lately,  upon  them,  were  reduced 
by  this  method:  I  had  the  honour  of  showing  a  small  suite  of 
thorn  at  the  Soiree  of  the  Boyal  Society  on  the  26th  May  Inst.  Be- 
tween these  two  forma  lie  excessively  thin  plates  of  an  alloy  of  iron, 
mach  riofaer  in  nickel,  and  to  the  diminished  action  of  an  etching  flnid 
on  this  more  atnble  alloy  T  ascribe  the  development  of  ench  thin  lines 
as  are  seen  in  the  section  of  the  Toluoa  iron  (sec  Plate  IX.  p.  311). 
The  descriptions  and  analyses  of  theso  and  other  minerals  will  appear 
in  the  memoir  which  I  have  in  preparation.  I  have  now  to  refer 
the  reader  to  von  Ilaidinger's  early  notices'  of  the  discovery  of  this 
block,  based  for  the  most  part  on  a  report  supplied  by  Nenmayer,  at 
that  time  Director  of  the  Flagstaff  Observatory  at  Melbourne.  Two 
masses  of  meteoric  iron  were  discovered,  and  near  the  larger  meteorite 
Ncumayer  found  a  brown  ochroy  mineral  which  he  regarded  as  a 
portion  of  its  oxidised  crust.  It  hail  but  feeble  action  on  the  magnet 
and  did  not  fuse  before  the  blowpipe,  but  ttiined  black  and  became 
magnetic.  The  hirdness  is  rather  less  than  that  of  felspar,  and  the 
specific  gravity  ^  3  744;  the  composition,  according  to  a  recently 
published  analjsis  by  Ilaushofer,  is  : 

Inolubk  silicate 4-1 


Nickel  oiide 
I'liosphoric  acii 


'  K.  Haiisliofcr.    Jour.  Piakl.  Cheni.,  1860.  cvii,  330.— M.  Bcrtliplot 

pht/».  1873,  5U.  4iy. 

>  iV.  von    llai,ling(T.      Silzbtr,  Ah.  Wiss.  Wkn,  1801,  lliii.  o83  1 
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The  author  snggests  that  more  or  less  rounded  masses  of  nickel- 
iferous  gothite  or  limonite  having  a  similar  origin  may  probably  be 
met  with  in  the  older  sedimentary  rocks. 

In  continuation  of  his  valuable  researches  on  the  native  and 
artificial  varieties  of  carbon,^  Berthelot  examined  a  specimen  of  the 
graphite-like  carbon,  which  I  found  among  the  fragments  of  metal 
detached  from  this  iron.  His  object  was  to  ascertain  which  variety 
of  carbon  it  resembled,  whether  it  should  be  classed  with  the 
graphite  of  pig-iron,  native  plumbago,  the  amorphous  carbon  obtained 
by  treating  carbides  of  iron  or  manganese  with  acid,  the  so-called 
artificial  graphite  of  the  gas-retorts  which  he  had  previously  shown 
to  be  no  true  graphite,  anthracite,  or,  lastly,  the  carbonaceous  sub- 
stance found  in  the  remarkable  meteorite  which  fell  at  Orgueil 
(1864,  May  14th).» 

The  carbon  of  the  Cranboume  meteorite  was  warmed  with  nitric 
acid  to  remove  the  iron  sulphide,  and  then  digested  with  fuming 
nitric  acid  and  chlorate  of  potash.  After  two  treatments  with  these 
powerful  oxidising  agents,  Berthelot  obtained  a  greenish  graphitic 
oxide,  identical  in  every  respect  with  the  oxide  obtained  from  the 
graphite  of  cast  iron,  and  differing  as  entirely  from  the  oxidised 
product  which  plumbago  yields  under  like  conditions.  As  this 
meteoric  carbon  resembles  in  all  respects  the  variety  of  this  element 
which  has  been  dissolved  in  molten  iron  and  separated  from  the 
solidified  mass  after  very  rapid  cooling,  Berthelot  suggests  that  its 
formation  and  association  with  the  meteoric  form  of  iron  sulphide ' 
may  be  ascribed  to  the  action  of  sulphide  of  carbon  on  incandescent 
iron,  since  the  carbon  of  the  last-mentioned  sulphide  by  decom- 
position is  also  liberated  in  the  graphitic  form.  The  carbon  of  this 
meteoric  iron  owes  its  present  form  to  exposure  to  a  very  high 
temperature ;  it  cannot  have  been  produced  by  the  action  of 
iron  on  carbonic  oxide  or  from  carbon  once  combined  with  the 
metal  and  liberated  at  ordinary  temperatures  by  the  solution  of  the 
iron  in  some  reagent ;  and  is  still  further  removed  from  the  othor 
variety  of  meteoric  carbon  occurring  in  the  stone  of  Orgueil.  The 
carbon  of  the  Ovifak  iron  (see  page  120)  has  likewise  been  examined 
by  Berthelot.  He  finds  it  to  differ  so  completely  in  "its  behaviour 
with  oxidising  reagents  from  the  carbon  of  the  Australian  iron  that 
he  does  not  hesitate  to  pronoimce  the  conditions  under  which  these 
two  forms  of  the  element  were  produced  to  have  been  essentially 
distinct. 

>  M.  Berthelot.    Ann,  de  CMm.  et  d«  Phj/iiqw,  xix.  405. 

'  Wobler  and  Cloez  haye  found  that  certain  of  the  carbonaceous  meteorites  con- 
tain compounds  of  carbon,  hydrogen,  and  oxygen,  resembling  the  last  residues  of 
organic  substances  of  terrestrial  origin.  By  applying  his  method  of  hydrogenation 
to  the  carbonaceous  matter  of  the  Orgueil  meteorite,  he  succeeded  in  forming  a 
notable  quantity  of  a  hydrocarbon  of  the  series  (Ctn  Hjn  +  j)  comparable  with  the 
oils  of  petroleum.  This  new  analogy  between  the  carbonaceous  matter  of  meteorites 
and  substances  of  organic  origin  occurring  in  the  crust  of  our  planet  is  of  great 
interest.     (Compt.  rend.y  Ixvii.  849.) 

*  Troilite  in  large  nodules  is  abundantly  present  in  this  meteoric  iron. 
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Fell  1882.— Victoria  Wftit,  Cape  Colon?,  S.  Afrioa-' 

This  niaBS  ib  of  interest  as  belonging  to  the  very  small  class  of 
meteoric  irons  tbe  fall  of  which  wan  wituesseil.  It  is  stated  lo  bo 
shaped  like  a  pear,  the  one  end  being  amootli  aod  rounded,  the 
other  and  smaller  end  being  jagged  in.  a  manner  which  indicates 
iLe  probability  of  its  having  been  detached  from  a  larger  meteorite. 

In  1870  the  masa,  which  weighed  GJ  Iba.,  was  sawn  in  two  by 
order  of  the  nutlioritiea  of  the  South  African  Museum  at  Cape  Town, 
and  Ihe  one  half  further  divided  for  distribution. 

Techermok  has  already  shown  that  the  meteorites  of  HJmae  (see 
page  77)  and  Jewell  Hill  (see  pages  77  and  601)  enclose  iamells 
of  troilite,  which  are  situated  parallel  to  the  faces  of  the  cube;  be 
now  finds  this  iron  furnishes  a  third  example  of  this  structure. 
The  section  of  the  iron  is  not  only  traversed  by  fiasurea,  which  were 
evidently  once  filled  with  troilite  and  in  many  cases  still  enclose 
traces  of  that  mineral,  but  perfect  plates  of  the  sulphide  are  like- 
wise observed.  As  in  the  former  instances,  the  troilite  lamella;  lie 
paiallel  to  the  faces  of  the  oabe.  and  are  enclosed  in  a  shell  of  beam- 
iron  (kamacite),  Tlie  etched  figures  are  very  diatiuot,  and  nodules 
of  granular  troilite  are  also  met  with. 

Dr.  L,  Smith  also  directs  attention  to  these  fissures,  and  finds  ihe 
'  figures  developed  by  etching  to  be  of  tliat  class  where  the  lines  are 
;  delicate  and  straight,  inclined  at  a  oonsiderable  angle  (o  each  other,  a 
form  common  in  irons  rich  in  sohrcibereite.  The  latter  mineral  is 
diffused  through  the  iron  in  masses  wi(h  straight  boundaries,  5  in.  to 
3  in.  long,  and  -J  in.  in  breadth,  also  in  much  narrower  and  longer 
forms,  as  well  as  in  others  which  are  triangular  and  arrow-shaped. 

In  a  drawing  accompanying  his  jinper  we  have  an  interesting 
illustration  of  the  si>eeimen  which  ho  examined.  In  the  centre  of 
the  section  a  cavity  is  seen,  li  in.  in  the  longest  and  1  in.  in  the 
shortest  diameter,  the  interior  of  which  is  also  coated  with  a  layer 
of  schreihorsite  -(jth  in.  thick ;  the  rest  of  this  cavity  is  staled  to  be 
filled  with  pyrites-  In  his  later  paper,  how-cver,  the  nodule  is  said 
to  consist  of  (he  monosulphido,  troilite.  In  the  absence  of  the  know- 
ledge of  any  tost,  whether  with  chemical  reagents  or  with  the  nmgnet, 
having  l>een  ajiplied,  it  appears  not  improbable  that  some  of  the 
elongated  enclosed  masses  described  above  as  schreibcrsite  may  be 
the  lamellre  of  sul]diide  which  Tschermak  observuil. 

llie  specific  gravity  of  this  iron  is  7-6y2,  and  the  composition : 

Iron  =  88H3;  Nick«l  =  1014;  Cobalt  =  0-53;  Phosphotui  =  028; 
Copper  =  trace.      Total  =  09?8. 

Found  1862 — Howard  Co.,  Indiana.* 

This  mass  of  meteoric  iron,  which  weighs  4  kilog.  and  has  an 
irregidnr  elongated  oval  form,  was  found  in  a  bed  of  stiff  clay  about 
two  feet  below  the  surface.     It  is  one  of  the  class  of  irons  which  is 

>  G.  TKlionnnli.  Mmrt 
Amtr.  J;iir.  Sc,  1H73,V.  lO 
Mao.  IfiiH,  1.  Ml. 

'  J.  L.  Smith.    AmiT.  Jour.  Se.,  187i,  »ii.  391. 
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onty  dightlj  ttffeetod  bj  atmospbezie  agmcr,  firethlT  CQt  surfiiMcs 
retoining  their  bfrightDesB  perfwllj.     Tb&  specific  gravity  of  the 
iron  11  7-821  and  tlie  composition  :  * 
In««87-OS;  Kickil  «  12-29:  Cobah=«0^:  FlkOiplMrai  «  <H»2:  Copper  «iriw. 

An  etched  sutCm^  does  not  gire  the  slightest  indicsfttion  of  Wid- 
numstatttan  figures;  their  oocarreDoe  in  short  appears  to  be  an  exoop- 
tion  rather  than  the  rale  in  the  case  of  iitxis  containing  mora  than 
9  or  10  per  cent  of  iron  ^see  page  80). 

Dr.  L.  Smith,  while  seeking  for  a  satisfactoTT  explanation  of  the 
formation  of  these  figures,  expresses  his  belief  that  we  shall  not 
airive  at  a  aatisfactoiy  explanation  until  our  knowledge  of  the  effect 
of  the  presence  of  a  minute  quantity  of  foreign  substances  in  iron  is 
better  understood.  He  alludes  to  the  power  iron,  containing  one  per 
cent,  or  eyen  a  less  amount  of  phosphorus,  acquires  of  withstanding 
the  action  of  add,  as  evidenced  in  vessels  used  for  parting  gi^Kl  and 
silver.  During  the  crystallization  of  iron,  as  of  otlier  sul^stAUcos, 
"  there  is  a  tendency  to  eliminate  foreign  constituents  to  Uie  oxtorior 
portion  of  the  crystals  '* :  after  a  blast-furnace,  for  example,  has  l>oon 
chilled  and  the  metal  has  slowly  passed  from  a  plastic  to  a  solid 
condition,  the  iron  will  be  found  in  large  cr^'stals  containing  n  very 
much  smaller  amount  of  carbon  than  is  usually  the  case.  If  motoimo 
iron  then  be  rapidly  brought  to  the  solid  state,  we  can  conoinvo  of 
such  a  diffusion  of  Uie  phosphorus  as  would  give  no  marked  iiulioa* 
tions  in  any  part  of  the  mass ;  by  slow  cooling,  however,  wo  might 
expect  a  more  or  less  complete  elimination  of  the  phosphorus  in 
certain  parts  representing  the  spaces  between  the  crystals  of  tho 
mass.  "  The  portions  of  the  iron  forming  the  limits  of  tho  crystals 
become  more  richly  charged  with  phosphorus,**  the  homogoiuM>UA 
character  of  the  "iron"  is. destroyed,  and  this  would  render  its  dif- 
ferent parts  variously  susceptible  to  the  action  of  an  etching  fluid. 

The  irons  of  Victoria  West,  South  Africa  (seo  above),  and  Tuzo- 
well  Co.,  which  enclose  nodules  of  troilite  and  solireibcrsito,  (H)u- 
tain,  the  former  only  a  trace  of  sulphur  and  0*28  per  cent  of  phos- 
phorus, the  latter  0*016  per  cent,  of  phosphorus ;  and  in  tho  mass 
of  the  Arva  iron,  which  is  filled  with  layers  of  schroibornito,  thoro 
remains  only  0*019  per  cent  of  phosphorus.  The  geologist  and 
mineralogist  have  noticed  such  a  segregation  in  a  vast  nunibor  of 
instances. 

1863,  Haroh  16th.— Pulsora,  H.E.  of  Butlam,  Indore,  in  Central 

India.^ 

In  his  descriptive  catalogue  of  the  meteorites  in  the  Vienna  Collec- 
tion, which  is  dated  1st  October,  1872,  Tsohermak  doHoribcH  tliis 
stone  as  chondritio,  and  as  consisting  of  olivine  and  bronzito  with 
nickel-iron.  It  occupies  a  place  between  those  marked  C  to  (whito 
rock  without  spherules)  and  C  g  (grey  rock  with  lighl-colourod 
spherules).  The  letters  C  i  h,  affixed  to  it  in  tho  cntnloguo,  denote 
that  it  has  a  brecciated  structure  like  tho  mctoorites  of  Dacca  and 
St.  Mesmin. 

»  G.  TBchennak.    Mimralopisehs  MittheUutijien,  1872,  166. 
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[1B63.}— Sonth-Eaatern  HiBSOori.' 
Shepard  describes  a  small  maes  of  meteoric  iron  originally  weigb- 
ing  about  12  oz.  wliicb  was  found  by  Prof.  Sbumnrd  in  ISG3  in  tLe 
collection  of  the  old  Western  Academy  of  Sciences  of  St  Louis; 
tliB  only  locality  given  on  the  label  is  "S.  E.  MUsowi."  Sbepard 
finds  it  to  resemble  moat  closely  tho  irons  of  Arva  and  Cocke  Co. 
ITio  sppcifio  gravity  is  7-015 — 7-1 12.  The  metal  encloses  so  Urge 
a  quantity  of  solireibersite  tliat  after  prolonged  treatment  with  acid 
that  minerHl  projects  in  tliick  lamiute  from  the  anrfaco.  as  mica  does 
from  coarse-grained  weathered  granite.  The  intermediate  artae  are 
not  traversed  with  the  delicate  lines  of  the  same  substance  (?' 
'  in  the  case  of  other  irons.  The  meteorite  has  the  following 
position : 

Iron  =  112096;  Nickel  =  2-601;  Scbrcib*nite  =  fi  000.    Totnl  =  99-7( 
vith    traces  of  cobalt,  chromium,  phosphorus,  maguesiitm,  caibon 
and  sili<;ium. 

Fonnd  1884.— Wairarapa  Valley,  ProTiiice  of  WeUington,  Hew 
Zeaiand. 
1  have  to  ibank  Dr.  Hector,  F.R.S.,  Director  of  the  Geological 
■Survey  of  New  Zealand,  for  a  short  account  of  the  only  met^oiito 
^bicb  faaa  yet  been  fotmd  in  that  colony,  and  which  is  preserved  in 
'  liie  Colonial  Mnsetiro  at  Wellingftcpn.  It  is  in  the  form  of  an  irr^nlar 
six-sided  i>yriiTiii,l,  7  inolips  high  nixl  G  iiiclies  ;icrosMlic  l>r,^e  :  tlie 
edges  are  rounded,  aud  the  sides  slightly  coiivex  and  indented  witli 
fihiiljow  pits.  The  cii])acity  of  the  stone  is  4'J  cubic  indies,  the 
weight  480  oz.,  and  the  specific  gravity  3-254;  IJio  hardness  5-0. 
It  is  strongly  magnetic,  but  exhibits  no  decided  polarity.  The  surface 
is  of  a  light  rusty  brown  colour,  and  is  stained  with  exudations  of 
iron  chloride  and  sul])hute.  A  frcshlj'  frncttired  surface  is  dark 
grey,  niotlled  with  bright  metal-like  itailiclcs  of  what  may  be  iron 
monosul]ihido.  By  trciitment  with  co]iper  sulphate,  the  presence  of 
iron  in  the  fonn  of  metal  was  determined ;  with  hydrochloric  acid 
sulphuretted  hydrogen  was  evolved,  sulphur  sot  free,  and  a  large 
quantity  of  gelatinous  silicic  acid  separated.  I'ho  insohdde  portion 
consisting  of  silica  and  insoluble  siJicntes  constituted  fid'U  ])er  cent, 
of  the  stone.  In  the  soluble  portion  the  ptedomiualing  ingredients 
were  iron,  amounting  to  24-01  per  cent,  aud  magnesia  along  with 
nickel,  niniigaucsc  aud  soda;  alumina  and  chromium  are  not  present. 
These  reactions  so  far  indicate  in  the  Now  Zeuland  meteorite  the 
presence  of  olivine  and  an  insoluble  silicate,  in  addition  to  nickel- 
iron  and  wliat  may  be  troilite  or  magnetic  pyrilcB.  A  short  notice 
of  this  stone  is  to  be  found  in  the  Ajipendix  A  lo  the  Jurors'  l{ei>ort 
of  the  New  Zealand  Exhibition  of  I8C5,  p.  410.  Von  Ilaidinger 
alludes  to  the  cirenmstances  attending  the  foil  of  a  meteorite  of  tliis 
date  (Sil::hcr.  Ak.  Whs.  Wicn,  hi.  151). 

'  C.   V.   Rhi[>nni.      ^„,tr.  Jour.  Re.  IfiGO,  sKii.  233.     Iii  the  catalugup  of  che 
Vitnuii  (Villtttiou  lUis  itoli\!Cai&  \U  dale  ISGA. 
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I86S9  Xay  2Srd.— Ctopalpnr,  Bagerhaut,  Jessore,  India.^ 

In  his  paper  communicated  to  the  Vienna  Academy  Tsohermak 
ffives   the  history  of  the  fall  of  this  stone,'  from  which  it  appears 
vast  its  descent  was  unattended  hy  the  detonation  which  usually 
accompanies  the  descent  of  a  meteorite.     The  stone,  of  which  three 
▼lews  are  given  in  Tschermak's  paper,  has  a  grayish  hrown  colour ; 
when  laid  on  the  largest  flat  surface  it  has  approximately  a  tra- 
peaoidal  houndary,  the  upper  side  heing  curved  and  exhibiting  pits 
and  striped  markings.     The  front  surface  {die  Brustseite)  is  covered 
with  a  tiiin  feebly  lustrous  crust  which  is  finely  striped  and  chan- 
nelled ;  thee  hannels  have  a  radiate  arrangement  and  converge  to  a 
point  near  which  is  a  small  deep  pit,  while  not  far  removed  from  it 
IB  another  deeper-lying  hollow;    all  the  pit-like  depressions   are 
elongated,  the  extension  being  more  marked  the   sliallower  they 
become  and  the  further  they  lie  from  the  point  of  radiation.     It  will 
be  evident  from  this  that  during  the  transit  of  the  meteorite  through 
the  atmosphere  this  point  was  in  front.     (See  the  Tucson  iron,  page 
499.)     The  heat  generated  by  the  compression  of  the  air  melts  the 
surface  of  the  stone,  and  the  attrition  of  particles  of  air  with  the 
more   porous  portion  of  the  front    surface  forms   the   depressions 
radiating  from  the  foremost  point ;  the  fused  drops  as  fast  as  formed 
are  driven  off  by  the  opposing  air  and  give  rise  to  the  fine  radiated 
texture  of  the  crust.   The  hinder  surface  has  very  different  characters : 
it  consists  of  two  almost  flat  faces  meeting  nearly  at  right  angles 
,  and  forming  sharp  edges  with  the  front  surface.     Along  this  edge 
the  very  distinctive  crust  of  the  front  surfeice  slightly  overlaps  the 
hinder  portion,  terminating  in  a  well-defined  and  sometimes  fringed 
border.     Here  the  crust  is  verrucose,  most  of  the  granules  consist- 
ing of  fused  matter,  many  enclosing  unaltered  grains  of  the  meteorite; 
few  follow  the  radiated  arrangement  observed  in  the  former  case. 

As  regards  the  structure  of  the  stone  of  Gopalpur  it  closely  re- 
sembles, in  the  diminutive  size  of  its  chondra,  the  meteorites  of  Pegu 
and  Utrecht.  They  are  of  three  kinds  :  1).  The  most  striking  have 
a  brownish-grey  hue  and  fibrous  fracture,  their  optical  principal 
sections  being  parallel  and  perpendicular  to  the  direction  of  the 
fibres ;  these  appear  to  be  bronzite ;  2).  The  next  have  a  radiate 
structure,  and  are  built  up  of  larger  bar-like  transparent  crystals, 
which  in  one  spherule  were  observed  to  radiate  from  two  centres ; 
these  are  not  improbably-a  felspar ;  and  3).  The  last  kind  of  chondra 
consist  of  a  granular  fissured  mineral  which  appears  to  be  olivine. 

The  spherules  have  the  same  composition  as  their  matrix,  bronzite, 
olivine,  nickel -iron  and  magnetic  pyrites  forming  the  predominating 
constituents  in  each  case.  While  the  chondra,  met  with  in  terrestrial 
rocks,  in  perlite,  obsidian,  pitchstone,  in  many  diorites,  are  radiate- 
fibrous,  those  occuning  in  meteorites  are  but  rarely  so,  and  in  these 
cases  the  arrangement  of  the  fibres  within  the  spherule  is  excentric. 
Moreover,  while  the  meteoric  chondra,  as  already  stated,  consist  of 

1  O.  Tschermak.     Sitzber.  Akad.   Wi»»,   Wien,  1872,  liv.  136.     Mineralogiache 
Mitthiilungen,  1872,  95.— A.  Exner.     MineralogUehe  Mitthtilungen^  1872,  41. 
»  Froe,  Aiiat,  Soe.  Bengal,  1865,  94. 
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the  s&tne  ingredienta  as  the  matrix,  and  often  differ  from  it  only 
being  more  coarsely  granular,  the  chondra  of  terreatrial  rocks  are 
shown  by  the  microscope  to  ba  differently  constituted  from  tlia 
matris.  Tscbermak  is  of  opinion  that  in  the  case  of  the  meteoritefl 
Bolid  masses  have  been  reduced  to  powder  by  mutual  attrition,  the 
tougher  particles  withstAndiug  the  action  becoming  rounded,  and 
that  dust  and  spherules  have  undergone  subsequent  sogvegation. 
The  atone  of  Gopalpur  consists,  aooording  to  Exnac's  analysis,  of : 

NiDkel-iioD  20-S6 

HiigDstie  pfrilw ,.,        ...        4'ii 

OliTJna      ...        „. 38  SG 

Broniita SS'SO 

FelspM     107S 


Chrraule  .. 


lO-OO 


i 


The  nickel'iron  has  the  following  composition  : 

Iron  =  90-37;  Nickel  =  O'll  ;  Cobalt  =  0-62.    Total  10000 
and  the  portions  separated  by  acid  : 

SiO,      Al,Oi      FiO     MnO    CaO      MgO     K,0    Na^O 

A.  BalHiU 38-31      0-H      26-72      —      0-72      S4-71      —       —    =   10000 

B.  InMoluilt...    57-95      fi-19      10-03    0  57    304      21-42     9-45     1-35   =   10000 
This,  it  will  be  seen,  is  one  of  the  few  meteorites  containing  a 

Tftriety  of  felspar,  which  in  this  instance  amonnts  to  more  than  10 
per  cent  Tscliermak  was  unabk  to  determine  by  an  examination 
of  microscopic  sections  whether  it  was  oligoclase. 

1865,  August  25th.— Sherghotty,  near  6ya,  Berar,  India.' 

According  to  Lumpe's  analysis,  given  below,  this  meteorite  con- 
fiists  almost  exclusively  of  silicafes.  only  a  trace  of  metallic  iron 
and  ft  very  small  amount  of  sulphur  having  been  met  wiih.  It 
contains : 

Silicic  odd    fiO-21 

Alumina       6-90 

Irim  prntniide      2l'Sa 

Maftuesia      1000 

Lime     10-41 

Soda     1-28 

Potash 0-57 

100-22 

Tliese  results  show  that  the  Sherghotty  stone  belongs  to  the  class 
including  the  meteorites  of  Staimern,  Jiivinns,  and  Joiizac,  The 
atono  examined  by  Crook  in  Wohler's  laboratory  coulaiiied  more 
than  nine  per  cent,  of  wickel-iron  and  very  little  lime,  fr<jm  which 
it  is  appaTent  that  what  Crook  held  to  be  the  meteoiite  of  Sliergholty 
is  a  Biwcimeu  of  another  fall. 

1  E.  Lumiw.     lliiieralofiiclit  MMhtilwigm,  1871,  65.— G.  Tscliermak,  Xincral- 

Bffhchr  M.iUnili'uq,,,.  lM7'l,.5li:  nnd  IR:2,  87  ;  Sitzlnr.  Ak.  H"(*..   If 1S72,  Kv. 

12i;  ./.'lW.i„-A /■«'-■  J/i.,m./nj,r>,  1S72,  733.— 8m  iW  F.  f'rrH.k.  On  ilie  (.■hfmicsl 
CmiMituMiiii  .>[■  tlm  Kii^ii^hMiii.  Mimei-kin-lien,  Sheryholtv,  aii.l  Mu.l.Liur  Slmie*. 
iiiuui-.-Uisitrt,)     1SG8.    Uotlingeu  ;  E.  A.  Uulh. 
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More  recentlj  this  meteorite  has  been  sabmitted  to  a  rerr  vvmp«oto 
investigation  by  Tachennak.  He  finds  a  fnctnn^  siuiaci^  to  b« 
distinctly  granidar ;  the  grains  are  of  neariy  equal  magnitudiN  and 
among  them  the  eye  readOy  distingaishes  two  minerals :  one  of  a 
li^t  brown  colour  and  with  Yeiy  distuM^  deavage,  the  other  trans- 
parent and  with  a  strong  Titreons  lustre.  Further  miciviscopio  and 
chemical  examination  rovealed  the  presence  of  three  more  ingrt^ 
dients :  a  yellow  silicate  rarely  met  wUh  and  forming  grains*  0*1  mu\. 
across,  which  exhibit  doubly  refractiTe  power  and  ap(>ear  to  orvst^il- 
lise  in  the  rhombic  system  ;  they  are  probably  brousite.  ^(aguotite 
and  magnetic  pyrites  wero  likewise  present 

An  augitic  mineral,  the  one  above  alluded  to,  forms  the  chief  mass 
of  the  stone ;  it  has  a  greyish-brown  colour,  and  exhibits  double 
refiraction  with  slight  pleochroisnu  The  cleavage  and  optical  olia- 
racters  suggest  its  classification  with  diopside.  The  analytioal  re- 
salts  given  below,  however,  show  that  it  cannot  be  regarded  as  a 
member  of  the  augite  group : 

Silicic  add ...  62*34 

Alamioa       0*26 

Iron  protoxide     ...    .^    23*19 

Magnesia     14*29 

liUne     •••    ...    ...    ...    ..«    ...  Av  4v 


',  100*66 

'  *      These  numbers  accord  with  the  formula : 

GaO,  2  MgO,  2  FeO,.  6  SiOs^ 

A  mixturo  of  hypersthene  and  hedenbergite,  the  former  greatly 

nroponderating,  possesses  such  a  composition.     Tsohermak   finds, 

i.    however,  that  the  silicate  cannot  be  thus  constituted,  and  he  oon- 

r    siders  this  augitic  constituent  of  the  Sherghotty  meteorite  to  be  a 

!;     chemical  compound  which  has  not  yet  been  discovered  in  our  toiTos- 

trial  rocks. 

The  second  constituent  of  this  stone  occurs  more  sparsoly  in 
transparent  colourless  granules  with  vitreous  lustre  and  conchoidal 
•  fracture;  they  proved  to  be  distorted  octahedra.  " Moskolynito,"  as 
Tschermak  has  named  this  mineral,  does  not  doubly  rofmct  light, 
and  agrees  in  point  of  composition  with  no  known  cubic  niinoraJ, 
approaching  nearest  to  a  labradorite  from  Labrador  examined  Home 
time  since  by  Tschermak.    The  composition  of  this  mineral  is : 


Silicic  acid 

••• 

66-3 

Alomina 

••  • 

••• 

26*7 

Lime 

••* 

••• 

11*6 

Soda 

•*. 

•.. 

51 

Potaih 

••• 

*.• 

1-8 

1000 


In  comparing  maskelynite  with  labradorite,  or  suf(f(csting  a  pon- 
rible  dimorphism  of  labradorite,  the  one  form  triclinir;,  the  oth^^ 
enbio,  the  fiujt  must  not  be  lost  sight  of  that  labrmlorito  nhtttnly  rt^- 
presents  a  mixture  of  two  silicates,  anorthite  and  albite,  which  siih- 
stanceSy  it  will  have  to  be  assumed,  are  dimorphous  and  oc^mr  an  a 


38'21- 

i2-e& 



fiO-S9 

M-ai 

0-18 

6-78 

fr»T 

s» 

18  98 

18-98 

17-69 

10'« 

10-48 

10-00 

7-65 

2-eo 

1D-2J 

I0'41 

t-i* 

iU 

l-M 

0-29 

0-29 

0-S7 





t'50 

4-60 

4-fi7 

73-40 

2260 

460 

10l)'4O 

lOO-fiS 

„    3466 

2-6S 

fi-0 

3  285 

3-a77 
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mixture  in  the  cubio  form.  Tbe  nction  of  acid  on  maskelynito 
pointed  to  ila  composite  nature,  to  the  poSBibility  of  its  coasintiug  of 
Bii  alupiinoua  ailicHtu  containing  Boda  which  is  leas  roodiljF  acted 
upon  than  (mother  iiliiminouB  ailicftte  containing  lime. 

TBchermak  represents  the  Sherhgotty  meteorite  as  made  up  of: 

Tot«!  TottI 

PTTOinie.     Multdrnlle.    Hagnelllc.        Compiuilian         OompiMUin 
(CiilenUiitdj.  (ObKrinl). 

Silicic  tcid 

AliuoiDii 

Iron  protojiii* 
JUpimi*...     ■■ 

Sod»        '.".     '! 
Fobuh     

Hkgiurtite 

Sp*ciflc  sraTitj 

'While  the  Sherghotty  stone  by  its  peculiar  conatitutioti  defies  in  a 
■way  proper  claeaification,  it  finds  a  place  among  the  small  group  of 
eukritic  meteorites,  and  resemblts  most  closely  that  of  PeterabUTg 
(1S55.  August  5th). 

Found  1866.— Frankfort,  Franklin  Co.,  Eentacky. 

[Lat.  38"  14'  S. ;  Xon^.  80"  40-  W.]  > 

This  block  of  meteoric  iron,  which  was  found  on  a  hill  9  mllM 

S.W.   of  FniTiliforl,   wiis  n-)tLvev-.d   Id   ;i   hlji.;k.siiiil)i's   for-(.>   ii:   diut 

town,  ill  Older  to  test  its  quality  as  iron.      It  weighs  24  lbs.,  jjas  a    . 

somewhat  globubir  form  and  a  highly  crystalline  structure.     Tlie    ' 

B]X'cific  gravity  of  this  iron  U  7-69U  and  the  composition  :  i 

Iron  =  90'S8;  Xicktl  =  8'53 ;  Colult  =  0-36:  l'busph«ru3  =  005;  CopjH'r, 

tra«e.    Tutul  =  liUo2. 

{T;  bi  co„clu,U(l  in  o«r  iiexl  Xumbir.J  ' 

ITOTICES     OF     n!d:En!.a:oiE.s. 

PapiT  Rml  befurc  tlie  Dritisli  As.»ociali,in  of  Bristol,  August,  1875, 
Seclion  C,  G.-ulo^'j. 
I. — On   tub   Disthibutios    or   the    Gbaptolites   in   the    Lower 
J.uni.ow  lEocKs,  NEAB  Ludlow.     Ey  John  Hopkinso.v,  F.L.S.. 

r.G.s. 

a  THE  author  first  ilrow  attention  to  (he  special  interest  attaching 
,  to  the  Ludlow  IJooks,  in  connexion  with  in  vest  ig.it  ions  on  tlii! 
Tcrticnl  distribution  of  the  Graptolitos,  as  being  the  formation  io 
which  they  iip[>,irenlly  die  out. 

The  ItiiAUDoi'uoRA  or  true  graptolites,  which  with  the  CLAnopuntiA 
or  dendroid  fiirnis.  are  found  iu  iutiiiiru  variety  when  they  lii-st  .i]'- 
pcar  in  the  Arenig  rocks,  genera  the  most  conijiles  coming  Ju  siiiiul- 
tnneotisly  with  simpler  ibrms,  wei-e  staled  to  be  rejii-esented  in  iho 
Lower  Ludlow  rocks  by  but  a  single  genus,  Monoijrapias ;  and  llio 
CluUopliora  also  iiy  one  genus  only.  I'lilwjraptiis, 

1   J.  L.  SmilV.     Amer.  Sow.  5r.,  1870,  slii.  331. 
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oommimiv»i3:>L  v.-  'Litt  JjnssL  Juvrtciiixini:  lf7f>  w  rbea  iv:Vrt\\l 
toy'  and  the  ima ojn^riTwirmf  m  ii'nif-  diasibicvm  in liieiw iwk$  nedir 
Ludlow  of  dk£^  i^«aai»  mnxmsncsaL.  acxived  k  iai  liie  omtw  of  a  few 
dajB  spent  in  dzK  nsn^'inciiioE  tieixt  lii^  cmniiig:  of  the  pressent 


It  wms  Aamn  tbm  msvsn^  f^eeaec  of  Mkmnpraitm  aKwnd  in  the 
lowest  beds  of  tLe  Lrnrsr  Lufji'w :  zha  sohh-  cd  rbest^  piss  up  auvi 
a  few  others  oco&e  ixi  h  2in3e  rir^nr  ir  the  sierMSL  all  in  sofi  o^l- 
caieoos  nndj  ehi^:  ani  liua  wiiss)  a  5€o5rfd  cbtan^  in  the  $:r»ta 
takes  ]^aoe.  indicadnc  ixi  sione  itiaoes.  It  more  alicieons  and  griitT 
beds,  oomparadr&lT  sbaLJr'v  wazer  defoat^  and  in  oth^^  by  ox* 
oessiTelT  haid  £xie-^Tain£d  ]ink£sir3ciifi&.  a  d«ieper  scol  a  decided  change 
in  the  grapColite  famia  oocrnr^  the  griUi  beds  ccvitaining  in  myriails 
a  single  new  form,  M9mogroptm*  Lamimard^mtU.  and  the  indurated 
limestone  alone  yielding  the  few  jspecies  of  Ptilograpim»  which  have 
yet  been  detected,  Jif<mograj4m*  col^mmMj  Bamnde,  a  form  first  soon 
in  the  LlandoTery  rocks,  appeared  to  be  the  only  species  which  sur- 
TiTed  these  physical  changes,  it  baring  alone  been  seen  in  the  softer 
beds  high  in  the  Lower  Lndlow,  and  passing  np  from  these  into  the 
harder  calcareous  shales  which  in  some  places  immediately  underlie 
the  Aymestry  Limestone,  and  again  passing  up  into  this  limestone 
bed,  in  which  it  seems  finally  to  disappear. 

The  author  concluded  by  showing  the  dependence  of  the  fossil 
fJBtima  and  flora  of  these  rocks  on  the  physical  conditions  of  the 
Lower  Ludlow  seas,  the  fossils  frequently  being  only  U>cally  dis- 
tributed, and  Yarying  slightly  in  their  horizons  acconling  to  the 
nature  of  the  sediment  deposited,  the  graptolites  especial ly  being 
influenced  by  these  changes,  to  which  their  final  extinction*  or  at 
least  their  dispersion  from  the  area  under  consideration,  was  con- 
sidered to  have  been  most  probably  due. 

To  the  list  previously  given,  a  single  species  only,  Monogvaptuit 
Boemeri,  Barrande,  occurring  in  the  lowest  beds  of  the  Lower  Jj\ul- 
low,  is  added  by  these  recent  researches. 

n. — On  thk  Association  op  the  Native  Platinum  of  thk  Uiiai«s. 

Tl  T  DAUBRfiE,  in  an  interesting  paper  read  before  the  Aondoiny  c»f 
iXLf  Sciences,  has  shown  that  Native  Platinum,  although  obt^iinod 
abundantly  in  the  alluvial  deposits  of  certain  regions  of  the  Ural,  lias 
been  found  in  a  Peridote  (Olivine)  i*ook,  which  iH  niorc^  or  Ifmn  alUu'nd 
into  serpentine,  and  accompanied  with  diallago  (a  forruginoiin  Nalililn, 
according  to  M.  Des  Cloizeaux),  and  also  with  ohronii(4),  whii'li 
occurs  abundantly,  not  only  in  separate  graiuN,  but  aUo  nncirnNting 
the  grains  of  platinum.  The  platinum,  wliioli  in  horn  nNWKtiat^Ml  with 
chromate  of  iron,  appears  to  be  distinguiihod  from  (hn  platiniiin  of 
other  deposits  by  the  large  proportion  of  mntallio  iron  with  whic.li  it. 
is  alloyed.  It  appears  that  platinum  very  rioh  in  Iroti,  aiid  undownd 
with  magnetic  polarity,  has  not  l)oen  found --at  litafii,  at,  pr^MMit-^ 
save  in  company  with  chromate  of  iron. — **  CompU$  Wmdm^'*  i,  \% 
—March,  1874.— J,  3f- 

'  See  Ouoh.  Mao.  Vol.  X.  v.  W). 
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I. — Gkolooio4L  8imTE¥  OP  Victoria,  No.  2. 

1.  Report  of  Prc^reBs.     By  E,  B.  Smjth.     Melbounie  [no  dato). 

2.  Prodroniua  of  llie  Palseontology  of  Victoria.     By  Frod.  V' 
Decades  I.  and  II.     Melbourne,  1874-75.  , 

3.  ObservatiouB  on  New  Vegetable  Fossils  of  the  Auriferous  DrifU. 
By  Baron  F.  von  Mueller.     Melbounie,  1874.  ] 

WE  have  already  noticed  the  first  report  of  the  Geological  Sunney 
of  Victoria  (G«ol.  Mac.  1874.  Decade  II.  Vol.  1.  p.  4IC^  and  I 
tfaeworksnkovecitodsuffioientlyiiidicatethesatisfactoryprogreiis  that 
is  being  made  by  the  Survey  under  the  direction  of  Mr.  R.  BroU|^ 
Smyth  and  his  able  colleagues ;  while  the  determinotion  of  lh« 
animal  and  vegetable  fossil  remains  could  not  be  placed  in  better 
hands  than  those  of  Prof.  McCoy  and  Baron  Mueller,  whose  contri- 
butions are  not  only  of  importance  to  the  Colony,  but  of  e^jual  r 
terest  to  European  geologists. 

Mr.  Smyth's  Report  is  bolh  suggestive  and  usofal,  (is  it  embodies   I 
the  gcneitJ  results  of  the  esplorations  of  the  ofGcers  of  the  Siirvej 
during  the  past  year,  and  whose  detailed  reports  are  given  in  the   1 
memoir.     From  this  it  appeare  that  the  surveying  and  mapping  of  J 
the  several  areas  referred  to  in  dte  last  Report  ftre  prooeediBif  saCii-  I 
factorily.     The  map  of  the  Ballarat  gold-field,  emhracing  a 
lao  Sijuari'  iiiil.'s,  willi  ilhistrsilivo  soctiuris  ami  (.■opioiis   ik>1ps.  i- 
priiiled  iiuJ  published.      Tlie  geologiciil  sketdi-nmp  of  C.'.po  Ol";i; 
district,  comprising  an  area  of  about  690  square  miles,  is  ready  for 
issue ;  and  n  similar  map  of  South -Western  Gipjisland  will  siiorllv 
1)6  comjileted  by  Mr.  Murray,  including  an  area  of  3500  miles— a 
work  of  time  and  Inlxiur,  the  country  in  many  parts  beicg  so  donselj 
brooded  as  to  render  the  passage  difficult. 

Satisfactory  progress  has  been  made  in  the  survey  of  the  areJ 
inctudiug  Ibe  gold-fields  of  Stawell  by  Mr.  Taylor,  and  also  of  tlie 
Ararat  gold-fields  hy  Mr.  Krausc,  who  gives  some  interesting  geolo- 
giciil  notes  as  to  the  conditions  under  wliicli  the  various  gold-drifts 
;md  associateil  volcanic  rocks  were  acciiiuTilnted.  The  geological 
loap  and  sections  of  jiart  of  Uie  Mitchell  Kiver  division  of  the 
mining  district  of  Gippsland  have  been  prepared  by  Mr.  A.  Howilt. 
whoso  notes  on  the  geology  of  this  and  the  Ovens  district  {pp.  59-82 1 
iire  important,  Tlie  report  of  Messrs.  Etlieridge,  Junr.,  and  Murray 
<in  tho  country  intersected  by  the  Durham  had  is  of  much  interest. 

lu  (Ilia  district  tlie  Lower  Silurian  is  the  bed  rock,  covered  in 
some  places  (the  south-westerly  portion)  by  Miocene  strata,  wbidi 
.ire  non-auriferous;  in  others,  the  Oldvr  I'lioccne  sands  and  graveh 
repose  on  the  upturned  surface  of  the  Silurian,  and  are  succeeded  bj 
ilcposils  containing  gold  duo  to  fluviatile  denudation,  and  reforreil  iv 
the  Lotrer  Nraer  Plioeeite;  this  riverdeposit  forming  the  "deep  lead" 
became  partially  covered  by  a  lava-slream.  Denudation  again  set 
I'u,  forniinj;  another  lend,  and  covered  by  a  second  flow  of  iuvn 
classed  as  the  JUt'ddle  Neiocr  PUocetie.    k  satwi  li^  vviVoauic  eruptions 


whole  saSaat  :£  -zia  anxxxiznr.  "  Vjirn  Sstnofta^nt  w«  iau  a^w^vh^^ 
out  the  riTer-cfiiBiBMitf  nf  "Zbt  jrvtaxn  7«n>L  sdI  ^tuk^  a!\^  u^ir 
oonnHw  ^epaecfii  z£  cstbi  imi  slat  rsiK^riC  ?;:  Ui«  Fff^M'  ^^vrvir 


These  BefcrsL  vEsz.  ^isEr  T«;<crlxg  x:i5  c«c!.v>»I  au{«  «Rd  assn 

Bketdi-map  of  Vkccr^  Are  ^if^j  ^'r^ii:sK■e  ;o  :be  Mining  lV|vurt* 
meiit»  md  mjsst  biass^iZit  miigsc  x^i  *iTftzxifr  ib»  xnmiiu:  invlu^try 
of  the  ooloar.  Fcr  am  ;»  R<^~7S  ssiies,.  *-  In  ootr  qiuurtx-wins  w^ 
hftTB  inexhiisadble  30%3ob»  >x  v-eiilih:  and  enierpxw«  skill  luid 
eoonomr  wiH  uRredlr.  if  miring  iniastzr  be  not  checked,  place 
Yictoria,  ss  regsris  Tern  dining,  fkr  in  advance  of  all  other 
ooimtrie&  The  area  of  amifer^Mis  ground,  bat  not  in  all  parts  con* 
taining  gold  in  such  quantities  as  lo  lemaneraie  the  minor,  is  not 
leas  than  forty  thoosand  iqnare  miles.  The  ores  of  iron — ^micaooous 
iron  ore  and  brown  h»matite — are  widely  distributed,  and  at  no 
distant  period  the  colony  should  be  enabled  to  supply  its  own  wants, 
and  there  is  a  reasonable  prospect  of  a  large  return  from  at  legist 
those  districts  in  which  tin,  copper,  antimony,  iron,  and  ligtiito  an> 
found,  the  latter  occurring  in  beds  of  considerable  thickness  and 
excellent  quality  at  Lallal  and  other  localities.** 

The  Decades  prepared  by  Prof.  McCoy  are  iutoudod  in  the  first 
place  to  give  figures  and  descriptions  of  the  more  olmraoUM-istio 
fossils  of  each  formation  of  which  good  spociinoiis  oxiMt  in  the 
National  Collection,  and  in  future  to  illustrate  tho  fossil  ooUootious 
made  in  the  course  of  the  (Geological  Survey  of  tho  Colony.  Tho 
present  numbers  include  detailed  descriptions  of  many  inton^Nting 
fossils, — of  Plants,  Mammals,  Fishes,  Mollusoa,  Sturfmh,  nnd  (jjrap* 
tolites,  the  species  of  Graptolitos  from  tho  Victorian  (jold-flold  Hla((«N 
being  similar  to  those  occurring  in  tho  Lower  Sihirian  or  ('aniliriun 
rooks  of  Bohemia,  Britain,  Sweden,  and  Amorioa,  Hhowing  a  wnrld. 
wide  distribution  of  these  species  in  tho  old  g(M)h)gi(!al  tiino.  Harnii 
von  Mueller's  observations  on  the  new  vogetahio  foNNJU  ai'ONJn^nlarly 
interesting,  as  indicating  the  vegetation  of  tlio  poriod  wlioti  ilio  oMnr 
auriferous  drifts  were  deposited;  thoy  worn  notinod  in  a  notn- 
munioation  to  the  Geological  Society  (Orol.  Mao.  VoJ.  VII.  n.  <{iM^ 
1870),  but  are  now  fully  illuHtratod  in  t<tn  litliogratnii,  with  (tnlfiil'Ml 
descriptions  and  comparisons  of  their  aflhiiliitN.  Tlnty  wnrn  cJi jolly 
obtained  from  the  deep  drifts  of  tho  oldur  Pliocifinit  foMnatlori  i,f 
Haddon,  etc.,  Victoria,  but  have  recenilv  boon  found  olHowlior''t,  und 
thus,  as  Baron  Mueller  rernurkH,  **  tho  (UmufVi^ry  itf  Hiomi  rtumttun  in  u 
far  distant  tract  of  c^^untry  in  New  Houth  Wahin  in  not  wU\inn\  ron 
siderable  intercHt,  in^iMrriuch  as  thoroby  now  in  mIiowh,  fhai  ih^  |/f  Julih't 
forests  which  havo  loft  us  th6Ho  vonti^itM  woro  of  wid't  if/-'>itt>t\t\ti'  J 
extent"  As  far  a»  th<^  'JVrtiary  flor/i  h^  \ttu:i$  t-.xiiiitthh'i,  i\,t.ttt 
api)ear  to  be  threo  y*zT\fAH  in  which  tho  pl/»nt«i  hf  iho  lowhio'lu  of 
Victoria  w<rre  certainly  in  cill  roiij;<?/,'tn  i\i\h*.thuU  Vw^i,  th'*  |/MitM.t 
period,  chfirtnf^n/>A  hy  hu  fihttwitinrA  of  ittyfUyy*onn  ^Anh^t ,  kiu^fUfUy 
the  period  of  the  d«^j/  iM^Uf  whi;n  th/;  (iliuiU  w<«fH  <it  %.  \.\*t\l'^ 
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sub-tropical  character ;  and  thirdly,  the  period  of  the  Lower  Upper 
Pliocene  Tertjaries,  when  laura<!eouB  plants,  etc.,  were  esistiag. 
(Report,  p.  28.)  In  oonclueiDn,  we  agree  with  Mr,  Brough  Srojlh 
thivt  ■'  it  18  impoBBible  to  conduct  a  geological  survey  without  the  aid 
of  the  palwontologist;  and  such  aid,  to  l»  of  the  highest  use  and 
value,  necassarily  requires  that  all  the  foaatls  should  bo  figured  and 
correctly  described."  J.  M. 


U. — Thb  CvLH-FLonA  OF  TH*  MoRAViAs-SitEsiAN  Roofing-Slates. 
Die  Culm-Flora  des  Miihrisch-SchleBisohen  Qaohgohiefera.  fiy 
D.  Srrn,  pp.  106,  with  17  plates.  Being  No.  1.  of  vol.  viii.  of 
the  AbhanJIuugen  der  K.  K.Geologischen  Keicbsan stall.  Vienna, 
1875. 

THIS  tinportaut  memoir  throws  much  light  upon  a  point  in  the 
geology  of  Central  Europe  which  until  recently  was  almost  a 
blank  as  Ikr  as  accurate  knowledge  was  conoemed.  Ab  late  as  1639 
Ferd.  Boenter  described  the  great  rock-series  wheucothe  fossil  plants 
80  splendidly  illuBtrated  in  the  plates  before  ns  were  derived,  as  "n 
shspelcBs  inarticulate  mass,"  in  which  no  organism  had  up  to  thjit  time 
been  detected.    That  this  series  ronsisted  of  elate  and  sAndstoue,  and 

-  liiat  it  l&y  <xaiformably  upon  a  for-stretchiag  "  grauwaoke  "  fonna- 

k  tion,  vhioh  in  its  turn  rested  immediately  upon  tb»  old  crystaltbu 
rocks  of  ibe  Sudelic  Mountiiius  nnd  ujion  the  flanks  of  Ihe  "  Briinn- 
Bliiusko  "  Syenite  ran^^e,  thus  covering  a  considerable  jiortion  of 
Mornvia  and  Sileaia  (Austrian),  was  abiDut  all  that  was  known  re- 
specting it.  In  ISiJO  Roomer  himself  wrung  the  first  secret  from 
tlii'sc  U'ds  by  discovering  in  ttiem  n  locality  for  PoNdonomya  Ileeheri 
Kroni  that  date  pn)gresa  was  made  through  the  labours  of  llocmer, 
H.  Wolf,  llalfar,  von  Ettingshausen,  von  Hochstetter,  and  esjieci.illy 
of  Ilcrr  Max  itlaclinnek,  the  manager  of  slate  quarries  in  the  district, 
to  whoso  zeal  in  collecting  a  large  proportion  of  the  species  de- 
scribed by  Prof.  Star  is  due.  It  was  found  that  here  were  Carbon- 
ifeivius  rocks  lying  upon  Devonian  beds,  from  which  they  were  quite 
undistingnishable  except  palfcontologically,  and  that  fnrlluT  iheso 
Carboniferous  roofing-slates  and  gi-its  could  he  refenin!  tv  Ihe  Pofi- 
doiiomya-sehiefer  or  Cji/ih- formation  of  Nassau  and  Western  Westpha- 
lia. The  divisions  now  recognized  in  the  Culm  of  Moi-avia  and 
Silesia  aro  three  in  number,  and  are  characterii^ed  as  follows : 

1.  Tlie  westernmost  and  lowest  zone,  which  lies  directly  upon 
the  Devonian  series,  and  com])rises  Ihe  two  older  varieties  of  i-oofing- 
slate.  It  is  from  3000  to  40liO  fathoms  (Klafter)  thick,  and  consists 
of  sandstones,  slates  (Klotzschiefer),  and  yellowish  fine-grained  con- 
glomerates yielding  good  building  stone. 

:;.  The  mi  I  Ik  zmo  4000  to  "5000  fathoms  thick,  is  composed  of 
similar  rocks  to  the  last  bnt  the  enclosed  slates  are  of  the  thiu-splii- 
ting  kind  known  as  lllattelscbiifer 

;i.  The  upper  i-me   also  ab  at  jOOO  fathoms  thick,  is  th..  lea.4 

s/rrdi'ed  of  tho  stnes    and  vs  dvstiugiiiahed  by  a  fine  deep  hhickish- 

blae  Biattelecbiett-r 
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rhe  foBBilB  liitherto  fonnd  in  these  divinons  ue  thm  durtiibnted : 


e.  JTwAaarK.  Stnr,  — 
G.  ^A^rim,  d«  Hua.  . 
G.  «.  rfuru,  A.  Boem.   _ 


egrlmrm,  Mmthniki,  Stot-. 
C.  r^fwvM,  Rem.  „_„.„ 
G—^lucrrai        fltriffrme, 

Btor. .__.,__ 

Orthoenat  cf.  tealan,  Goldf. 

O.lO-Hl/sfHIX,  H.  T.  H. 

0.  euMlaiHin,  A.  BoBta 

Eutmpkaliu  ip.    

FotidaiHimiia  BnAeri,  Br.    _ 


XapAocnnii 


DnpanapMyeuM     Msehatuki, 


Tkyritfltrit  uhutcrtim.  Stia. 
SpAmaplnit  filitilala,  Stur_- 

^fiA.  dittiHU,  Stemb 

8pA.  divaricata,  Goepp 

BpA.  FaUtnKaim,  Stur. 

BpA.  ttrialtUa,  Star. 

Sp\.  EltiuptAataaii,  Stnr. .... 


Bpi~  Snatri,  StM.  

SpA-  KiaitniMmiii.  Stnr.   ^ 

MAOtt  jUiJwrm,  Snr 

Bk.  JtaOsi^H,  Gtt.  ip 

SA.  BttAltitrri.  Star 

JC*.  f yuiM,  Stnr.  

£*.  fmUmlitdmM,  Gtt.  ip.    ... 

£*.  jrsnriM.  £tt.  >p 

SA.  Otttftrti.  Ett.  >p. 

CtrdiopUrii  frpttiau,  OtMpp. 


C.  HodutatUri,  Ett.  ip. , 

Nfimpltrit  itltttdnu,  Stnr..,. 
ArtAxtpUrii         Tieiirmiiiti, 


^.  iteKHMi,  Stnr. 

J.  dimcl;  Ooepp.  «p 

J. /yrw,  Star.  . 


A.  antiqtitii,  Ett.  ip.   „ 

A.  ilatfiattiki,  Stur.    — . ... 

Ct/eaiopltru  antiem,  Stnr.  .^ 
Tadta  LipoUi  (Ot>cpp.  MS.] 


Shncapliiiipauieulifim ,  S  tur. 

Jth.  MaeiaH/Ai,  Slur „. 

SA.jhiitlifira,  Stur ._ 

JA.  (cajHidoMi'ir,  (Ett^  8tiu-.__ 
Slij/maria  inaqualU.OfiVpf.^. 
Ztpidedndran  VrUAtimiawlm, 

Starnb _.,.. 

Satoaia  Mrailj/eAa,  QoDpp_ 
Walehiaantneitiu,  8tur.„.„,. 
FinittianUctiitu,  Star.  „....., 
AAaMMnrfiut     tenikafarmit. 


Although  it  has  not  hitherto  been  fonnd  in  Moravia  nor  in  Ai 
Silesia,  yet  Froductnt  giganteua  is  well  known  in  the  Culm  depimiU 
of  Bothwaltersdorf  in  Lower  or  PruBsian  Silesia,  between  wbidi  and 
Zone  2  of  the  Sudetic  Culm  there  is  much  in  common. 

The  plants  which  are  enumerated  above,  and  which  fonn  tbo 
spednl  object  of  Prof.  Stur'a  memoir,  are  fully  described  and  moat 
beantifully  figured  in  the  numerous  plates  of  this  handiwme  work, 
G.  A.  LlDOUB. 


COiaU-ESFO^'IDEJITCE:. 

■'WULFEXITE''  AT  "CA1.DBECK  FELL." 

SiK, — Aa  Wulfenite  has  liitherto  been  recorded  from    only  one 

locality  in  the  British  Isles,  viz.  liackentyre  in  Kirkudlrt\^W*\\M'i, 

it  may  bttereM  eome  of  the  readers  of  the  QftOiootCki.  l&.k.as.i.vK*' "- 
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learu  that  it  has  lately  been  found  at  one  of  the  Oal<]beok  Pell  mines, 
in  Cumberland,  asaociatod  with  Pyromorphite,  Augleeite,  and  various 
other  oroa  of  Lend.  As  Molybdenito  is  rather  common  in  some  of 
the  adjoining  mines,  the  oocurrenoe  of  Molybdate  of  Lead  might, 
perhaps,  have  been  expected,  as  a  result  of  the  docompoaition  of 
Molybdenite  and  Galena. 

Another  mineral  new  to  the  British  list  has  just  been  delM^t^  in 
the  Haimatite  mines  of  the  Cleator  district.  This  is  Qausmannite. 
which  occurs,  well  crystallised,  in  small  pockets  and  -veins  associated 
with  Pyrolusite,  mostly  between  the  haematite  and  the  limestone  in 
which  it  is  found. 

Further  notices  of  tbaae  minerals  will  appear  in  the  Memoin  of 
the  Geological  Survey.  J.  G.  Qoodobild. 

Pexhith,  9(A  Oclabtr,  187S. 

PKI9MATIC  8TECCTCHB  OF  BASALT. 
Sin, —Assuming  the  description  of  the  three  basaltic  prisms  in  the 
collection  of  the  Geological  Society  as  given  by  Mr.  Sorope  to  be 
exact  (see  Gbol  Mao.  1875,  Decade  II.  Vol.  II.  p.  412),  the  facta 
do  not  in  any  way  conflict  with  the  explanation  that  I  have  given 
of  the  mode  of  production  of  the  lenticular  cross-joints  in  baxnltio 
prisms.  The  prisms  referred  to  must  have  come  from  that  part 
of  the  original  mass  in  which  occurred  the  dividing  surEaoe  between 
that  part  cooled  from  the  top  and  that  cooled  from  the  bottom 
of  the  mass,  as  is  proved  with  leapeot  to  one  of  the  prisnu  by  tho 
existence  in  it  of  a  joint  having  sar&ces  concave  in  both  direc- 
tMus.  Piirh  i.lruii'  in  ri(/(  |>ii3si[)g  Iu-iri7,.>iitnlly  Ihvniitjh  tliis  arliuiilrt- 
tiim  ;  oilier  .iiij.u.'i'iil  fii-iij-  iiifiy  Ii;ivl-  lliL'ir  Jijiiits,  ivitliiu  C(.Tl-,'iin 
limils  abdvo  or  Inl.nv  !,  ,  i  .i  !■  L'iiher  coiivos  upwards  or  down- 
wnnls,  for  the  sli;;li  .    .      ■    in  (he  conductivity  ur  conditions 

arid  rates  of  conlm.    ■    i  h'iht  to  dc-jiress  or  elevate,  by  n 

greater  or  less  tlistui;-.,  [[  u  jl..r.'.  ulroiidy  Kpnkon  of.  It  is  iiIbo  not 
difficult  to  see  thiit  sfVLriil  rtkiiiniiLioiis  in  the  directions  of  llie  con- 
cave or  convex  surfaces  may  occur  in  the  neighbourhood  of  the 
meeting  piano  of  cooling  in  opposite  directions,  where,  as  in  the 
case  of  other  divergent  or  opjioaitc  heat  waves,  more  or  less  confusion 
in  normal  strnctnre  must  occur. 

ISlA  Ocloiir,  18T5.  Bodt.  Mallbt. 


THE  IXVKRTED  STRATA  OF  TQE  MENDIPS. 
Snt, — lieferring  to  Mr.  A.  JI'Murtrie's  interesting  pa]>er  "upon 
certain  isolated  iu-cas  of  Mountain  Limestone  at  Liickingtim  anil 
Vobstor"  (read  in  Section  C.  of  the  hite  Meeting  of  the  Drilisli 
Association  at  Urixtol),  wherein  ho  sboweil  these  isolated  patches  to 
have  been  passed  beneath  and  found  sejKanitod  front  any  imdcrlyin^ 
jKiriion  of  the  same  limestone,  it  occurred  to  me  at  the  time  that  the 
slnicturnl  pecnliaritios  of  certain  places  I  had  examined  would  tend 
to  explain  those  described  in  the  paper,  the  whole  of  which  I  had 
not  the  f^ooil  fortune  to  \ieat  mail,  and  therefore  refrained  from 
"'^eriiig  the  following  remarks  m  \.\ie  SiniCioa. 
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It  appeared  that  alon^  the  Laokington  and  Yobat«r  ride  of  the 
Mendip  Hills,  the  abnormal  inverted  or  apparently  disoordaut  junc- 
tion of  the  disturbed  Coal-meaaares  at  their  foot,  with  the  limestones 
of  the  range,  is  traceable  for  about  five  miles,  two  of  the  three  out- 
lying,  and,  a«  I  oould  gather,  inverted  patobee  of  limestone  being 
situated  at  distances  frum  the  junotion  of  somewhat  more  tban  a 
mile  and  a  little  less  than  three-quarters  of  a  mile  respectively. 
The  hypothesis  Uiat  these  outlien  were  portions  of  underlying  lime- 
atones  brought  to  the  surface  by  faulting,  having  been  set  aside  by 
the  fact  of  ^e  outliers'  non -continuance  in  depth,  the  anther  favoured 
the  idea  of  inversion  instead. 

That  such  an  amount  of  inversion  as  Hr.  M'Mnrtrie  suggested  is 
by  no  means  an  impossibility  I  can  well  conceive,  having  seen,  in 
the  case  of  a  narrow  and  much  compressed  anticlinal  ridge,  on  the 
confines  of  Afghanistan,  a  strong  band  of  hard  limestone  with  a 
great  thickness  of  overlying  sandstones  and  clays,  so  oompletely  in- 
verted that  this  limestone  band  could  be  tnioed  curving  upwards  and 
outwards  from  its  place  on  the  flank  of  the  anticlinal,  until  found  to 
rest  for  nearly  half  a  mile  with  completely  inverted  borizontality 
upon  the  likewise  inverted  sandstones  and  olaya,  the  whole  of  the 
rocks  beiug  well  exposed,  and  the  inverted  limestone  capping  spurs 
^m  the  anticlinal  range,  thus  :— 


B.  Ssodtlonea  and  Clajs.      «.  4.  Invenioiu  of  Tarjing  width 
Dp  to  Hboie  i  mile  or  Dearer  lialf  a  mila  Engliib. 

Id  the  country  where  this  occurs  nearly  all  the  boundaries  of 
numerous  parallel  anticlinal  ridges  are  lines  of  abnormal  vertical  or 
inverted  junction  of  the  two  groups  represented  above,  these  ridges 
having  lengths  sometimes  exceeding  fifty  miles,  and  the  only  places 
where  the  rocks  are  found  in  their,  so  to  speak,  natural  or  normal 
order  being  where  the  beds  fold  over  the  terminations  of  the  anti- 
clinal axes. 

Such  lines  of  abnormal  junction  or  inversion  are  also  known  to 
exist  for  greatly  longer  continuous  distances  on  tbe  flanks  of  the 
Himalayas  and  the  Alps.' 

But  admitting  inversion  in  the  cekse  of  the  Luckington  and  Yobster 


Strnctnra  ol  the  Panj&b,  Bp.  ciC.  1S71,  toL  su.  p.  Ql. 
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■  outliers,  the   Bt«pB  by  which    the  isolation  and  removal  of   these 

etches  to  a  distance  was  accompliabed  romnia  to  be  traced;  and 
re,  perhaps,  without  undue  exercise  of  imagiaation  where 
[  Bviiienoe  is  wanting,  it  may  be  suggested  that  after  invereioo  tlie 
adjacent  faoe  of  t}ie  Mendips  might  have  assumed  the  form  of  a 
high  escarpment  made  up  of  the  softer  Coal-meaeuroa  capped  by  the 
overthrown  Umaatones,  when  land  alippa^,  during  the  waaliug 
backwards  of  the  escarpment,  might  have  taken  place,  allowing 
3ai^e  maascs  of  the  harder  rocks  above  to  Buhside ;  or  a  succession 
of  landslips  might  each  be  ac<]ompaaied  by  an  outward  as  well  as  a 
'  downward  movement. 

In  support  of  this  suggestion,^  may  mention  an  eecaipment  some 
1600  to  2000  feet  in  height,  with  wbich  I  am  acquainted,  composed 

■  of  various  soft  and  more  consistent  beds  below,  (Mpped  by  unusually 
hard  and  massive  ones  above.  Along  this  scarp  land-slippage  baa 
taken  place  to  such  a  degree  that  great  detached  mtuwes  of  the  upper 

I  flections  have  settJed  down  on  the  sloping  outcrop  of  the  softer  beds, 
antil  they  have,  in  several  instances,  arrived  by  combined  processes 
of  slipping  and  weathering  hack  at  distances  from  their  main  outcrop 
quite  conipai'able  with  those  of  the  outliers  in  question  from  the 
•uggestud  escarpment  of  inverted  beds.  Some  of  tlieae  detached 
tBosses  exceed  the  dimensions  of  the  Upper  Vobster  outlier ;  and,  so 

rlar  08  can  be  judged  without  having  seen  the  locality,  there  appeaia 
to  be  no  insuperable  difficulty  in  accounting  for  the  position  of  these 
outliers  iii  tliis  way. 

It  should  be  noticed  in  connexion  with  the  subject  of  such  groat 
inversions,  that  disruption  or  faulting  may  liavo  accompanied  the 
distortion  of  the  unticlina!  arches,  permitting  the  inverted  stratjk  to 
fall  away,  or  else  the  whole  set  of  beds,  including  both  the  limestones 
and  those  above  them,  must  be  supposed  to  have  turned  back  upon 
themselves  again,  as  shown  in  the  figure  at  E.  Xo  instance,  tipon  a 
large  scale,  in  which  this  is  proved  to  have  occurred,  has  fallen  within 
my  experience,  though  some  sections  have  suggested  it,  and  in  the 
absence  of  such  recurvature,  displacenient  amounting  to  faulting 
may,  after  all,  have  been  a  necessity  in  Gomc  part  of  the  process  hy 
which  these  features  were  produced. 

H.  ^.  A. 

On    the    NoMEN-CLiTlBB    OF    EnCKS. 

rioase  correct  the  following  in  the  Geolooical  Magazine  for 
September : — 

Page  42G,  line  22,  in  two  places,  trachi/l^te  for  traclmlite. 

G.  U.    KlNANAN. 

BOULDER-CLAY  IN  IRELAND. 

Sir, — I  can  assure  Mr.  Birds  that  it  is  perfectly  incorrect  to  suppose 

that  an  Upper  Boulder-clay  in  Ireland  resting  on  "  miiWe  sands  oitd 

grareh  "  has  been  proved  in  anyplace.     Nornial  B<nihler-clay  has  been 

fouiul  in  many  places  resting  «n  sdnds  and  gravels,  but'the  latter 

'8  are  of  an  age  prior  to  tlie  acic«Lvavi\M;\Qfiv  q1  S\v*  ^jWiial.  Drift 
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of  that  oonntry.  Some  of  these  old  sands  and  gravels  have  been 
made  to  do  duty  for  the  "  middle  sands  and  gravels,"  while  in  other 
places  the  so-called  "  Upper  Boulder-clay  "  is  a  glacialoid  drift,  a 
meteoric  drift,  or  an  aqueous  drift,  in  which  a  few  blocks  or  frag- 
ments of  stone  can  be  found,  sidll  retaining  some  ice-scratches. 
WixpoBD,  October  6,  1875.  G.  Hknby  Einahan. 


FORMATION  OF  A  MINERALOGICAL  SOCIETY. 

Sib,  — An  effort  is  being  made  for  the  establishment  of  a  Mineralo- 
gical  Society  of  Great  Britain  and  Ireland.  Will  you  permit  me  to 
oall  the  attention  of  your  readers  to  this  fact,  and  to  say  that  I  shall 
be  happy  to  give  information  on  the  subject  to  any  persons  who  may 
desire  to  become  members. 

The  objects  of  the  Society  are — 

To  simplify  Mineralogical  Nomenclature. 

To  determine  and  demie  doubtful  mineral  species. 

To  study  the  ParagenesU  of  minerals. 

To  record  instances  and  modes  of  pseudomorphism  with  their  accompanying 

phenomena. 
To  measure,  determine,  and  illustrate  forms  of  crystallization,  especially  the 

irregiilarities  and  peculiarities  of  particular  planes,  or  of  crystals  from  particular 

localities. 
To  discuss  systems  of  classification,  and  to  establish  a  natural  system. 
To  collect,  record,  and  digest  facts  and  statistics  relating  to  economic  mineralogy. 
To  promote  the  exchange  of  specimens ;  and,  generally. 
To  advance  the  Science  of  mineralogy. 

The  rules  and  regulations  to  be  ultimately  adopted  will  be  decided 
upon  by  the  votes  of  probably  the  first  100  members. 

67,  Lemon  Street,  Trubq,  J.  H.  COLLINS. 

Siptember  17M,  1876. 


ORIGIN  OF  ESCARPMENTS  AND  CWMS. 

Sir, — Several  years  ago  you  kindly  published  a  number  of  articles 
by  me  on  Denudation,  and  likewise  the  answers  they  elicited  from 
several  well-known  geologists.  The  substance  of  these  articles  was 
afterwards  incorporated  with  my  work  entitled  **  Scenery  of  England 
and  Wales,  its  Character  and  Origin,"  in  which,  among  other  sub- 
jects, I  entered  into  a  detailed  consideration  of  the  origin  of  escarp- 
ments and  cwms,  especially  the  very  typical  cwms  of  North  Wales. 
Since  then  Mr.  Einahan  has  written  a  work  on  the  Surface-geology 
of  Ireland,  which  to  a  great  extent  is  a  repetition  in  different  words 
of  the  kind  of  arguments  I  adopted  in  reference  to  England  and 
Wales ;  and  Mr.  Goodchild  in  several  recent  articles  in  the  Geol. 
Mao.  has  (evidently  without  being  aware  of  what  I  had  written)  not 
only  used  many  of  my  arguments  against  Subaerialism  in  substance. 
but,  in  several  cases,  coincidentally  expressed  them  in  nearly  the 
same  words.  Tliis  will  be  seen  from  a  comparison  of  some  portions 
of  Mr.  Goodchild's  articles  with  the  following  quotations  from  my 
work  on  England  and  Wales  : — "  Carrying  away  the  blocks  and 
fragments,  the  removal  of  which  must,  in  a  general  way.  have  kept 

pace  with  the  recession  of  the  cliffs the  power  of  a  moving 

crust  of  land-ice  several  thousand  feet  thick  to  excavate  cwm-shaped 


rw^ 


670  Correspondence — Miaa  M.  B.  Alder. 

'hollows .....  could  only  have  done  so  on  meeting  willi  An  obuUin<' 
tion  audi  as  a  steep  slope  which  would  dc-fleot  the  current  of  ice, 
lUid  make  it  acquire  a  gyratory  motion  which  would  eiiable  it  to 
Moop  out  Bemicircularly  hackwarda,  and  poBsiblj  at  the  same  time 
tlownwarfs.  ....  To  be  a  cwm  a  hollow  must  bo  approximately 
curvilinear.  Bain  ia  doing  all  it  can  to  destroy  this  cnrvilinearity. 
Bain-streamlets  in  cwms  »ro  gullying  their  brims  and  channelling 
their  sides.  A  continuation  of  the  process  would  render  a  cwm  a 
mere  confluence  of  raviiiea.  Tlie  chipping  action  of  frost,  aided  by 
rain,  is  tending  to  reduce  the  steepneea  of  the  encircling  cliffs  by 
beTclHng  off  ttieir  upper  parts,  and  hiding  their  bases  under  screes. 
Sain  in  a  state  of  dispersion  is  possesaed  of  so  little  power  that  it 

'  onnnot  keep  up  a  uniform  abrasion  of  the  sides  of  cwms  so  as  to 

preserve  their  curvi linearity If  a  single  stream  cannot  produce 

a  cwm,  several  streams  cannot  combine  ao  as  to  give  rise  to  a  cwm. 
....  Springs  would  be  incapable  of  undermining  laterally  so  as  to 
leave  a  hollow  at  all  approaching  to  the  breadth  of  an  average  cwm, 
while  a  spring  nndennining  backwards  would  leave  a  ravine,  not  a 

cwm Springs  and  streams  are  the  effects  instead  of  the  cause 

of  cwms What  ia  the  etream  now  doing  in  the  upper  port  of 

its  course,  for  instance  uuder  Glaalyn  [Snowdon^  ?  Merely  rutting  a 
continuoua  face  of  rock."  The  ahove  are  only  a  few  quotations 
■elected  from  many  psssogea  to  the  Aame  effect.  I  have  likewiee,  in 
<vtioles  in  the  Gxdl.  Mas.,  eto.,  frequently  referred  to  the  evideoow 
furniched  by  glnciated  rock-aorfnceH  in  peculiar  poaitious.  and  by  the 

exerted  by  rniu  and  fiesliwatiT  etroanis  since  the  Gl.icial  period. 
While,  however,  agreeing  with  much  that  Mr.  Gooilchild  haa  written, 
I  canni)t  help  diflering  from  liini  on  many  points— such,  for  instauoe, 
as  the  forms  lie  assigns  to  the  traces  of  sea-action  ;  bnt  I  fear  I  have 
already  trespassed  too  much  on  your  increasingly  valuable  space. 
D.  Macki.ntosh. 
"BOTTI.EITE."! 

Sir,— It  gives  mo  great  pleasure  to  find  that  Mr.  G.  H.  Kinahnn 
admits  that  the  curions  black  mineral  called  *■  Itottleitc,"  attached  to 
the  haae  of  aonio  layers  of  granite,  "  seems  due  to  ciyslalline  struc- 
tnrcr  the  substance  being  deposited  from  solution."  (See  his  letter 
Gkol.  Hag.  for  Septcmlicr  last,  p.  4:^0.)  As  1  have  long  held  that 
Flint  is  stalactitic,  so  I  feel  certain  is  Bottleite,  a  siliceous  "stalactite" 
whi<;h  lias  dripped,  so  to  speak,  out  of  the  granite. 

Whatever  Dottleitc  and  Flint  are,  Obsidian  mid  IsopjTe  must  be 
classed  with  thcni,"  More  information  is  anxiously  lin>ked  for  hy 
Yours,  etc.  W.  D.  Alder. 

Feun  Hank,  IIomwoot-,  Co.  Dowv. 
S,),i.  ■'■>,„l,  1M75. 

1  Mr.  Allpiin,  [■■.(;.«.,  nni 
'  Imtlliili' "  liiiHv-  till'  liK'^l  n.iHi 
Ep.T.  <iE<iL.  y\.u-.. 

■'  \\\-  v,.|iiur.'  M  S1.-0  St  lliiil  ML-s  Al.kr  lias  njicnL^d  n 
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FREDERICK     ERASMUS     EDWARDS,    F.Q.S., 

BORN  OCTOBBB  1,  1799,  DIBD  OOTOBIR  16,  1875. 

Some  five-and-thirty  years  ago,  a  little  society  was  founded  by  a 
few  London  geologists,  namely.  Dr.  J.  S.  Bowerbank,  F.R.S.,  F.L.S., 
F.G.S.,  Searles  V.  Wood,  F.GS.,.  Jobn  Morris,  F.G.S.,  Alfred 
White,  F.L.S.,  Nathaniel  T.  Wetherell,  F.G.S.,  James  de  Carle 
Sowerby,  F.L.S.,  F.Z.S.,  and  Frederick  E.  Edwards,  F.G.S.,  for 
the  purpose  of  illustrating  the  Eoosne  Mollusoa,  and  entitled 
"The  London  Clay  Club." 

Who  would  have  supposed  that  this  society,  so  small  and  unpre- 
tentious in  its  outset,  should  have  ^ven  birth  to  one  of  the  most 
useful  and  valued  scientific  societies  in  London  ?  the  Palsonto- 
OBAPHiOAL  SooiXTT,  which  hss  now  existed  for  twenty-nine  years, 
and  numbers  more  than  350  members  I  A  society  which  has  pro- 
duced 28  huge  annual  quarto  volumes,  containing  7840  pages  of 
letterpress,  and  illustrated  by  21,773  figures  of  4273  species :  not 
confined,  like  the  original  enterprise,  to  the  illustration  of  the  London 
Clay  MoUusca,  but  aiming  eventually  to  accomplish  the  task  of 
illustrating  all  the  fossil  remains  found  in  the  British  rocks  I 

Of  the  seven  geologists  who  founded  the  old  ^*  London  Clay  Club," 
five  still  survive,  namely : 

Dr.  J.  8.  Bowerbank,  F.B.S.,  F.L.S.,  F.G.S.,  Pres.  Pal.  Soc.; 
Searles  V.  Wood,  F.G.S.,  Treas.  Pal.  Soc. ;  Prof.  Morris,  F.GS. ; 
Alfred  White,  F.L.S. ;  Nathaniel  T.  Wetherell,  F.GS. 

James  de  Carle  Sowerby  died  in  1871,*  and  we  liave  now  the  sad 
task  to  record  the  loss  of  another  of  these  early  workers  in  pnlsBon- 
tology,  that  of  Frederick  E.  Edwards,  the  historian  of  the  Eocene 
Tertiary  MoUusca. 

Brought  up  to  the  profession  of  the  law,  and  filling  the  responsible 
post  for  more  than  forty  years  of  chief  clerk  to  Masters  Wingfield 
and  Blunt,  and  to  Yice-Chancellors  Eindersley  and  Malins,  he  de- 
voted his  entire  leisure  time  to  the  collection  and  study  of  the  Mol- 
losca  of  the  Eocene  Tertiaries  of  England. 

1.  His  earliest  contribution  appeared  in  the  "  London  Geological 
Magazine,"  for  September,  1846,  edited  by  E.  Charlesworth,  F.G.S., 
"  On  the  Eocene  Telltna"  and  at  a  later  date,  at  intervals,  in  the 
monographs  of  the  Pauiontolooical  Society  appeared  : 

2.  In  1S48,  "  The  Eocene  MoUosca,"  Part  I.  Cephalopoda  (with  nine  plates). 

3.  In  1854,        „  „  „  Part  II.  Pulmonata  (with  six  plates). 

4.  In  1864,        „  „  „  Part  III.  No.  1,  Prom>braivchiata 

(with  eight  platen). 
6.  In  1865,        „  „  „  Part  III.  No.  2,  Vkoh'jhraxchiata 

eontinued  (with  four  platen). 
6.  In  1858,        „  „  „  Part  III.  No.  .3,  Puohobkanchiata 

continued  (with  six  plates). 

»  See  Ohituary  Notice  of  Mr.  Sowcrhj,  Giol.  Mao.  1871,  Vol.  VIII.  p.  478. 


] 


572  Miscellaneous. 

7.  "  Notice  of  the  FomU  Eemains  o(  ■  N'ew  Frujlurnter  MuIIdwi  from  Uia 
LoDdnn  Tertiariea,"  in  the  "  Geologist."  1860,  Tnl.  iii.  p.  20»,  pi.  v. 

8.  "  DescriptiuaB  of  Some  New  Eocene  Spcrieti  uf  Cypraa  oud  MargintUa"  in 
the  Giot.  SUo.  1865,  Vol.  II.  p.  S36,  R.  XIV. 

It  is  an  nnfeigned  sonrce  of  regret  to  nil  workers  in  Eocene 
geology  tbat  after  tliis  date,  owing  to  his  failing  heallh,  Mr.  Edwards 
oeaaed  to  publiBh  the  results  of  hie  long  and  careful  examination  of 
hia  great  collection,  the  fonnatiou  of  whicli  occupied  tUo  greater  part 
of  bis  lifetime. 

His  friend  Searles  V.  Wood,  F.G.8.  (Treasurer  of  the  Palwonto- 
grapliical  Society),  well  known  for  bis  valuable  monogrophs  on  the 
aollasoa  of  the  Crag,  took  up  the  "Eocene  BivalTea"  in  1859. 
in  1663,  and  again  in  1870,  piibliabing  three  parts,  illustrated  by 
25  plates ;  but  much  yet  rcmaina  to  be  done  in  order  to  complete 
the  entire  series. 

Fortunately  for  science,  Mr,  Frederick  Edvrards's  magnifioent  col- 
lection, contained  in  five  large  cabinets,  has  been  acquired  by  the 
TruHtees  of  the  British  Museum,  and  now  forms  a  part  of  the 
}fational  Collection ;  as  also  does  a  part  of  the  fine  series  of  Eocene 
Hollusca  obtained  by  N.  T.  Wetherell,  Esq.,  F.G.S.,  from  the  neigh- 
bourhood of  Highgalo. 

In  future,  students  of  Eocene  Fossil  shells  rnay  avail  tlieraselves 
of  tbe  advantages  which  these  valuable  collections  aSbrd  them  for 

^purposes  of  aoientifio  work. 

'  Though  often  hanased  by  family  mrefl  tcoA  anxieties,  and  op- 
piTBscd  with  Ihe  rcsprasiMIifiea  nf  bis  .ifficin!  work  as  a  solicifiir, 
daily  occupied  in  liearing  and  adjudicating  upon  difficult  cases  in 
Ciiaucery,  in  private  life  Mr,  Edwards  was  nevertheless  grcally 
beloved  by  those  who  knew  him  intimately,  and,  when  his  health 
pcrmitled,  ht'  delighfet!  to  gather  his  geological  brelbren  ni'ound  his 
table,  and  revive  in  his  later  years  those  pleasant  social  and  quasi- 
scionliiic  reunions  which  formed  the  bond  of  cohesion  among  the 
menihcrs  of  the  old  "  London  Clay  Club." 

J.  M.  AND  n.  w. 


Oolitic  BBACnioroDA. — Mr.  J.  F,  Walker,  M.A.,  F.G.S.,  exhibited 
at  Ibe  last  meeting  of  the  Yorkshire  Naturalists'  Club,  the  following 
species  of  Ilrachiopoda  which  occur  on  the  Continent,  but  are  scarcely 
known  as  British  sjwcies,  viz.  Terrhratiila  t/hnffiireiwila,  Sclilot., 
and  nkijn.  Thurmami.  Voltz.,  from  the  Lower  CaK'aroous  Gril  of  Filey, 
Yorkshire  Const;  WaWiehnia  ainbonella,  Laiiiaix'k,  from  the  Kcllow.-iy 
EoL'fc  of  Scarborough  ;  TtrchraluJa  Endcsii,  Ojipel.  and  Tcribraliila 
veuli-i'eosn,  Yieten,  from  the  Inferior  Oolile  of  Cheltenham  ;  and 
Terebralulii  Ferrgi.  Des.,  from  tbe  Inferior  Oolite  of  r)i>rsol^hire. 

IsnrAN  Geological  Sokvey. — We  regret  to  leani  that  Dr.  Wm. 
Wa:ip.n,  of  the  Geological  Survey  of  India,  has  bcon  obliged  hy 
ill  hridtli  to  resign  tlio  appointment  of  Paheoutologisl,  his  promotion 
lo  ivliicb  we  lately  noticed. 
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I. — ^Ths  Cause  of  ths  Gi^cial  Period,  with  Beferknce  to  the 

Bbitish  Isles.^ 

By  Cbaslbs  Eicunrs,  M.D.,  F.G.S. 

IT  ifl  a  fact  universally  accepted  that,  within  a  period  comparatively 
recent,  extensive  districts  in  North  America  and  in  Europe,  now 
fruitful  and  luxuriant,  were  covered  with  a  thick  mantle  of  snow 
and  ice  ;  and  their  valleys  were  filled  with  glaciers,  which  extended 
into  the  sea,  and,  breaking  off  at  their  extremities,  floated  away  as 
icebergs. 

The  causes  which  produced  a  temperature  of  such  severity,  as  the 
evidences  upon  which  this  opinion  has  been  founded  indicate,  have 
excited  much  speculation.  The  theory  which  of  late  has  found  most 
advocates  is  that  proposed  by  Mr.  Croll : — That  the  winters  during 
this,  the  Glacial  Period,  happened  in  aphelion,  when,  as  a  result 
of  a  greatly  increased  eccentricity  of  its  orbit  and  tlie  precession 
of  the  Equinoxes,  the  Earth  was  eight  and  a  half  millions  of  miles 
further  distant  from  the  Sun  during  winter  than  it  is  at  present; 
that  therefore  the  winters  would  have  been  longer  and  the  cold 
more  intense ;  that  the  North  Polar  regions  were  entirely  covered 
with  a  thick  capping  of  ice,  so  great  that  the  accumulation  caused 
a  displacement  of  the  Earth's  centre  of  gravity ;  and  to  this  cause 
he  attributes  tha  submergence  of  the  land  which  is  constantly  found 
where  evidences  of  glaciation  have  been  observed.  He  also  justly 
concludes  that  the  so  invariable  occurrence  of  submergence  along 
with  glaciation  points  to  some  physical  connexion  between  the  two. 
But  the  submergence  of  Greenland,  beneath  its  present  rapid  accu- 
mulation  of  snow,  cannot  be  referred  to  such  a  cause  as  a  change 
in  the  Earth's  centre  of  gravity,  for  at  the  same  time  and  in  about 
the  same  latitudes — in  Norway  and  Spitzbergen — the  land  is  rapidly 
rising.  It  seems  not  improbable  that  the  recent  recession  of  tho 
glaciers  in  Norway  may  account  for  the  rise  of  land  there,  in  con- 
sequence of  the  removal  of  pressure,  and,  to  a  similar  cause,  its 
occurrence,  subsequent  to  the  Glacial  Period,  may  }>e  attributed. 

I  have  elsewhere  (Gkol.  Mao.  Vol.  IX.  page*  119;  altribut<;d  this 
subsidence  during  tho  Glacial  Period  to  tho  effects  of  the  preHsuro 
which  this  increased  mass  of  huow  wouM  havr?  in  forcing  down  wards 
the  crust  of  the  earth  into  its  fluid  substratum  ;  Imning  my  opinion, — 
upon  the  constant  occurrence  during  all  geologiwl  time  of  evidences 

1  Bead  before  the  Britiflh  ABKociation  (Section  C.)  at  iirinUiI,  Au|(iiit,  IS75. 
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of  Bubeidence  and  aooumulntion  oo-existiog  in  tlko  diffr^rent  fonna- 

tionB.^~oii  tlie  existence  of  bays  and  of  deltas  at  the  mouths  of  all 

I  great  rivers,  being  tlie  Rubmerged  and  filled-op  continuation  of  tbeir 

I  valleys ;  in  the  latter  tbe  result  of  artesian  toringa  has  proved  tha 

I  occurrence  at  variouB  depths  of  evidences  of  what  have  been  sacces- 

sive  land  Burfacos, — on  the  depression  which  took  place  during  the 

I  Glacial  Period,  and  the  partial  re-emergence  of  the  land  when  it  was 

relie^'ed  of  its  weight  of  ice  and  bdow, — and  on  the  subsidence 

I  recently  occurring  in  Greenland  simultoneoualy  with  a  rapid  increase 

of  accumulation  of  snow. 

The  occurrence  of  Hubsidence  of  land  being  due  to  the  pressure 
'  of  a  ecu  mill  at  ion  a,  though  it  has  been  advocated  by  Sir  John  Herschel, 
by  Prof.  Hall  of  New  York,  and  by  Dr.  Dawson  of  Montreal,  appears 
in  a  singular  manner  to  have  escaped  the  consideration  of  geologists ; 
though  by  this  circumstance  only  can  a  satisfactory  explanation  be 
given  of  many  geological  phenomena.  NeveitboleBS,  the  fact  of  their 
BimultaneouB  occurrence  is  constantly  recognized.' 

Tbe  relative  positions  under  which  the  two  Folea  are  placed  are 
BO  different,  that  great  care  must  be  taken  in  arguing  from  the  state 
of  ono  to  that  of  tbe  other.  It  must  not  be  inferred  that  because  it 
may  be  possible  that  the  land,  situated  at  the  South  Pole  and  sur- 
rounded by  viater,  is  covered  with  an  "  ica-oap,"  that  therefore  the 
j  ocean,  situated  at  the  North  Pole  and  enrroimded  by  land,  would  be 
covered  in  the  same  way.  It  appears  to  be  more  than  donbtfid 
wlietlier,  with  the  existence  of  an  An?tic  Ucean  tiaving  communica- 
tions open  witii  the  Atlmitio  and  Pacific,  an  "  ice-cap  '  comparable 
with  llmt  covering  the  land  about  the  Antarctic  Pole  could  by  any 
possibility  exist;  for  before  a  resting  place  could  l>e  found  sufficient 
to  l)enr  such  an  accumulation  of  snow,  as  has  been  SH[)posed  to  have 
at  ono  time  existed,  tbe  whole  sea  must  have  been  frozen  even  to 
its  lowest  depths ;  and  that  could  not  fake  place  whilst  salt  water 
continues  to  get  denser  as  it  becomes  colder,  and  there  is  also  a  free 
coiiiiiiunication  between  the  Polar  Sea  and  the  Atlantic. 

Nor  could  there  have  been,  during  the  Glacial  Period,  any  great 
thickness  of  snow  on  the  laud  surrounding  the  Arctic  Sea  ;  for  per- 

'  Tn  the  Prpdiilimfa  Acldresfi  tu  the  Genli^inlji'  Assoc-i.itioo,  Xtiv.  7'h,  187.3,  Mr. 
n.  Wmiclwiini,  F.R  S.,  hns  iilij™tni  tn  tlie  tiiwrj  of  siibaiilpnre  being  tlie  result  of 
ocniTniiliitiiin,  uo  the  );rciiiiidH  Ihnt  if  in  Ihu  llav  of  ItKngnl  (where,  by  the  artenoi 
horiti^  iiiuclu  in  the  Delta  of  the  liniiRtH,  the  lund  hoi  Wn  jirored  to  hiivr  sunk  to 
the  ili-pth  'if  4NI  foL't  anil  upwuiik]  the  wdimvnt  ilepouled  ha»  power  by  fc'^^'i'ation 
to  tliiiH  ilvrirfss  thr  iH'iHn-bed,  much  more  oa^ht  tho  solid  Jtaao  of  thr  Ulmal.iyan 

rang:t',  with  il"  ianilmt'mbl il  lofti'  peaks,  tii  liuk  into  the  jieldins  cmst  beneath 

(Gkol.  Mao.  1Hi3).  Hut  the  arensnutof  whivhthe  Hinulayoa  have  lH«n  nculptoral 
hnvc,  trom  tlie  commein'cment  of  tlieir  prcsi'iit  denudutiou,  bem  l'^^itninl1l  nbuic 
the  H'^i-lfvpl,  and  thu  weight  to  hv  Huiinortt-d  hiin  diminiahetl,  aa  partirle  nfttT  partirls 
h.is  iHin  ivmoved,  the  prakR  nnd  rulleys  re^Hterin^i  a  portion,  nnt  by  nn  menn>  the 
gri'iitiT  iiiiioimt,  of  tlu' dcnmlition  tlie  nines  hiM  undi>rj<^ine :  m  that  the  Uimnlava^, 
ill  rritiHpqnrnrii  of  the  ;!ri'at  amount  <it  dennilalion  to  wliich  they  hnvc  been  suhjoctt'di 
will  nut  pri'SH  with  so  ^e.it  n  weiftht  upim  the  fluid  RnbBtntnm.  But  if  the 
sediniint  bnuiitht  down  liy  the  G.injn'd  nnd  ilrahmnpootra  has  eaoxed,  hy  iht  wi'icht 
thiit  Hiihsi.hnL'i'  which  hjui  taken  phiee  in  the  Bny  of  BenKol,  it  nei-esc-irily  followf 
thill  (III;  iiri'ii,  liiriiiiui:  ;ind  >iiip|iortm^  tlicse  uiounluiiu,  must  riiie  in  uccordiinco  witb 
^      the  amount  of  mutcriul  lumowl. 
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petnal  snow  existed  as  far  soath  as  the  latitnde  of  New  York«  and 
the  greater  part  of  Europe  was  covered  with  it ;  the  wind  passing 
over  a  land  surface  of  sudi  extent  and  having  a  glacial  temperature, 
would  have  had  almost  the  whole  of  its  water  condensed  out 
of  it  long  hefore  reaching  the  Arctic  Circle.  "  The  wet  would  be 
squeezed  out  by  the  oold,  as  water  is  wrung  from  a  spon«i;e."  ^  Even 
when  the  winds  have  to  pass  over  land,  the  mean  temperature  of 
which  is  considerably  above  the  freezing-point,  the  air  parts  with  so 
much  of  its  moisture  that  at  no  time,  since  the  Mammoth  and  wooUy- 
baired  Rhinoceros  roamed  over  the  plains  of  Siberia,  has  there  been 
in  Northern  Asia  so  great  an  accumulation  of  snow  as  to  form 
glaciers ;  otherwise  the  remains  of  these  animals,  found  in  the  butiks 
of  the  Lena,  would  have  been  swept  by  them  into  the  Arctic  Son  ; 
yet  during  all  that  time  the  soil,  in  which  they  have  been  imboddtMl, 
has  continued  so  persistently  frozen  that  their  remains  have  been 
preserved  with  the  soft  parts  undecomposed. 

It  does  not  at  all  follow  that,  with  diminution  of  temperature  in 
the  Arctic  regions,  there  should  also  have  been  at  the  same  time 
reduction  of  the  winter  temperature  of  the  British  Isles.  The 
present  temperate  and  equable  climate  of  Britain  is  dependent  on 
the  warmth  of  the  waters  which,  derived  partly  from  those  of  the 
Gulf  Stream  and  at  a  lower  temperature  from  those  of  the 
Temperate  Zone,  are  earned  as  a  set  or  current  towards  the  Polar 
regions ;  and,  being  many  degrees  higher  than  would  otherwise  be 
the  mean  annual  temperature  of  the  British  seas,  modify  also  the 
temperature  of  the  air  passing  over  them. 

Dr.  Carpenter  has,  as  I  believe,  demonstrated  that  what  I  will 
call  the  North  Polar  Current  (termed  in  Johnston's  Physical  Atlas, 
"North-East  Branch  of  the  Gulf  Stream'')  is  dependent  on  the 
effi^^cts  which  diminution  of  temi>erature  in  the  Polar  regions  has 
in  causing  the  displacement  by  sinking  of  the  surface  water  of  the 
Arctic  Sea,  the  density  of  which  has  been  increased  by  the  tempera- 
ture being  diminished,  and  the  necessary  influx  of  lighter  wator, 
that  is,  the  comparatively  warm  water  derived  from  the  Gulf  Stream 
and  the  Temperate  Zone,  to  replace  the  colder  which  has  subsided. 

The  North  Polar  Current  thus  produced,  and  consisting  of  water 
Tcry  much  warmer  than  the  surface  temperature  of  the  North 
Atlantic  would  be,  if  this  current  did  not  exist,  supplies  hiisX  and 
moisture  to  the  atmospheric  currents  passing  over  it ;  so  that  partly 
on  this  account,  and  partly  from  the  inability  of  heat  to  ra^liat/!  po 
readily  from  the  surface  of  the  land  in  consef|uence  of  the  frfy|ii';nt 
cloudiness  of  the  sky,  the  winter  temj^erature  of  Britain  is  rjtU' 
siderably  milder  than  it  would  be  under  different  cf>ndition<i ;  wbiUt 
in  summer  it  is  often  morlifie^l  by  the  difficulty  with  whi^;h  the  Aun^s 
rays  can  penetrate  whf-n,  from  th^  same  cause,  there  i-*  an  cxf^'.nn 
of  cloud  or  vapfjur  in  the  atmoMphf-re.  If  the  p^ninsiili  of  Florida 
did  not  exist,  the  winter  tenifierature  of  Britain  wo  dd  U?  MJill 
milder,  as,  in  C(jnitf:<iuf.uoh  of  it.  the  Gnlf  Stream  ban  to  tf'iVf  r?te 
a  distance  of  several  hundred  miles  more  than  would  lyj  the  ovte 
otherwise. 

'  J,  Campbell,  F.O.S.    "  Firirt  \\A  \\\k: 
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Clmnges  of  climate  are  now  taking  place  for  which  I  cttn  imagine 
no  a(]eqnat«  cause,  excepting  Uie  reckless  destruction  of  the  great 
American  foreals.  The  temperature  of  Iceland  and  of  Greenland 
ia  much  more  rigorous  than  when  they  were  first  discovered;' 
whilst,  upon  the  other  hand,  the  glaciers  of  Norway  are  rec«ding'. 
and  the  Chriatmaa  of  tradition  viaits  us  at  rery  distant  intervals. 
Even  temporary  changes  as  indicated  in  Nortli  America  appear 
to  influence  our  winters ;  thus  of  late  years  the  most  severe  winlera 
there,  such  as  those  of  1872-73  and  1873-74,  were  with  us  re- 
markahle  for  their  mildness.  'Die  opposite  conditions  have  aleo 
been  noticed ;  such  as  occurred  during  the  Russian  War  in  1854-55, 
when  the  frost  on  the  Eastern  ahores  of  the  Atlantic  was  intense, 
whilst  the  winter  was  mild  in  Northern  America.  It  has  been  stated 
that  "  it  is  a  saying  amongst  the  Danes  that  there  is  mild  weather 
in  Iceland  when  it  is  cold  in  Europe,  and  vice  cerBd."' 

Previous  to  the  Glacial  Period  there  existed  a  very  different  oontour 
of  the  North  American  continent  from  the  present.  The  Gulf  of 
Mexico  extended  over  what  is  now  the  valley  of  the  Missiastppi,  even 
to  St.  Louis,  upwards  of  600  miles  norlh  of  New  Orleans;  the 
peninsula  of  Florida  was  submerged ;  and  along  the  east  coast  a 
very  considerable  belt  of  laud,  extending  to  the  Alleghany  Mountains, 
was  sunk  below  the  level  of  a  sea  whose  waters  were  of  a  tropical 
Vmperature.  Sncfa  a  variation  in  tlie  ooast-line  must  have  had  a 
great  effect  upon  the  climate.  With  n  Gulf  of  Mexico  extending  9^ 
fLiilLer  norlh  tlmn  it  dues  At  pr^'Sfnt,  ti^e  .■lir,  lieiitod  aiul  clKir^'.>i 
T\ith  moistiire  derived  from  its  tiopical  waters,  would  have  been 
directed  up  Ihe  valley  of  the  Ohio  by  l!ie  western  flanks  of  the 
Appalachian  chain,  and  have  modilietl  the  climate  even  of  extreme 
northern  districts,  Florida  presenting  no  obstruction,  the  Gulf 
Stream  must  have  been  impelled  many  degrees  further  northwards 
hy  the  m  a  iergo — the  N.E.  and  S.E.  trade- winds — carrying  a  larger 
quantity  of  Erjualorial  water  than  it  now  conveys,  namely,  that 
which  is  deflecteil  round  the  western  extremity  of  Cuba  and  what 
escapes  over  the  JJahaTna  banks  and  channels.  Thei'efore  the 
amount  of  heat  derived  from  the  tropics  winch  was  conveyed  to 
high  northern  latitudes  must  have  been  immensely  increased.  I 
am  not  aware  whetlier  it  is  possible  to  co-onlinate  (hose  beds  ab()und- 
ing       {.1     t     m  1     h  have  been  discovered  in  Greenland,  ia 

Ji.ei      1        1        ^1  '  1     g     .  with  those  indicating  these  changes  in 
the         t  1         f  A  but  such  alterations  must  have  induced  a 

cot  1  f  t      J    -at  t  all  eventR  nearly  approaching,  if  not 

8in   I  tl    t     )     I     1        plant-remains  indicate. 

A     1     I  t         f  he  winter  temperature  of  Briljiin  depends 

on    1         I  d         m  I    of  the  North  Polar  Current,  the  waters 

of      1     1  t  d    -able  extent,  derived  from  those  of  tlio 

Gulf  St  t  f  U  tlat  any  serious  diversion  of  this  stream 

wo  Id    ff        u      1  m  t  in  opposite  direction. 

'I here  are  two  areas  m  the  isthmus  which  separates  the  Atlantic 
'  A  Visit  tfl  Iceland.    By  Madame  Idn  Pfeilfer.    I'nce  61. 
'  Iceland:  iUiSten««Mi4^Ea».    B^  S.^aroi^-Gaiild.     Page  lui. 


fran  the  Fftcific  m-Lere  a  coEmptntiTiftlT  alig))t  tl«^fav«»k^n  wvulxl 
cune  the  two  ocmzks  to  miTig-lft.  Tbe  Pumumi  KaiIw^  oui;jt  ihivu^h 
a  ridge  whkli  is  2:^  feei  khc*\-^  iLe  j«a-Iewl  :^  an\).  ntvir  I«^k^  Ni\>Ai^ 
agiia,  the  lowest  pais  is  1;>S|  feea  aK>t^  the  i^vft.*  wluUl  iho  isUnuutt 
nowhere  attaiiis  the  heighi  of  IOlX>  feet.^  Should  depn^ou  ttikt^ 
place  80  as  to  snhmeT]ge  these  ax>ea&  there  would  be  i\o  \u))HsUu\out 
to  the  Atlantic  Eqnatonal  waters  passing  into  the  ISoit^o  i\\>i^u» 
for  the  mean  height  of  the  former  is  somewliat  gTNiter  t\\JM\  th^t  of 
the  latter — that  is,  it  b  somewhat  banked  up  bv  the  action  of  the 
trade- winds. 

In  considering  the  West  Indian  Islands  as  the  romniuA  of  a  s\i\w 
merged  part  of  the  continent  of  South  and  CVntral  Auieruvi*  Mm* 
Somerville  has  given  the  true  explanation  of  the  fornmtum  \^(  the 
Gulf  of  Mexico;  but  the  depression  by  whioh  they  have  Uhmi 
formed  has  extended  to  a  greater  depth  timn  the  pivsont.  In 
Jamaica  the  Tertiary  strata  are  more  than  rilXH)  feet  thiok»*  and 
Santiago  in  San  Domingo,  situated  2000  feet  alnn^e  the  mm,  reiitM  o\\ 
Tertiaiy  strata.*  The  whole  valley  of  tlie  Mississippi  to  Uwond  its 
junction  with  the  Ohio  once  formed  a  portion  of  the  Oulf  of  Moxli^>, 
the  land  having  sunk  considerably  below  its  present  level. 

Former  depression  has  also  taken  plnoi>  along  the  western  inmst-. 
Professor  Newberry  observed  a  sea-beach,  oont^iining  Hhells  sinulai* 
to  those  now  existing  in  the  ocean  below,  at  80  or  l>0  ftM»t  iihovo  hlnh- 
watermark,  and  also  at  a  still  great^^r  olovution;*  and  tlio  Oulf  of 
California  is  but  a  submerged  extension  of  the  valley  of  tlu^  (Colorado 
Biver. 

It  is  not  probable  that  subsidence  could  Imvo  oonurnnl  to  no  H;rent 
an  extent  on  both  its  sides  without  tlio  same  pruoosN  iiIno  alltuilhi^ 
the  isthmus. 

The  present  fauna  on  the  different  sides  of  tho  iNilinniN  iifTurdM  hi* 
dications  of  a  former  intercommunication  of  tho  iwa  o(i(«anN  ;  by  ihn 
identity  of  species  in  some  instances,  1)y  the  HUnilarity  hi  othoi'M. 
Mr.  Philip  P.  Carpenter  (British  AsHooiniicm  Knpnrt,  IH/iO)  rcf(ardM 
35  species  of  shells  as  identical  in  tho  two  oceariN ;  «M  Npi'oioM  arn  mi 
nearly  allied  that  they  may  provo  to  bo  idoniicnl ;  and  4 1  MpnoliiM  ri'iilly 
separated  but  by  very  slight  difteroncoH  only.  Krof^Mor  Wyvllhi 
Thomson,  in  "Depths  of  tho  Bea,"  arrangoN  fiid<i  by  nido  \H  Kidiino 
derms  from  each  sea,  "which  roHeniblo  ono  anoihor  mo  <;loiMity  )ii 
habit  and  appearance  as  to  be  at  first  sight  hardly  distlti^tjUfiahhi/' 

There  have  been  few,  if  any,  invfisligatioriH  mtuln  for  tliii  piiip'/iio 
of  determining  the  question,  but  ihfmti  tivUUmtum  nrtf  nlmtmi  tVfit'.Ut 
sive  that  submergence  of  the  isthmus  has  inlmu  fdoiw  s#;  as  1//  porifiii 

>  AdmiraltT  Chut. 

s  The  Xaturalut  in  Nicartf^.     hy  Th'/«   |}«  it,  K.O  H,     I V  ^^^ 

'  Tertiarj  Bed«  in  St.  Domiufeo.      liy  't'     H,    iitrtnkt:u      ilnitti.  hfuu    h**i\ 

SOC.,  Tol.  TL  p.  44. 

G.  P.  WaD,  F.G.S.     (iiuirt  hmru.  fi*^A.  H'/';,,  y*f\.  »ii   j/;/  t,  i$tt/l  t; 

•  On  TtftUMnr  IM*  tn  ii*u  tt^mtiw/o,     Vtttm  *i'A^  ♦//  'I     'A    )\t:ia\in,.     *M»fi 
JifonL  CrtoL  -S/i.,  Tol.  rj.  y*'/*-.  7/4, 


678        Dr.  RiekeiU — On  the  Cams  of  the  Glacial  Period. 

the  waters  of  the  two  oceans  to  mingle.     If  it  hae  oocaired  to 

coneiderftble  extent,  it  must  necessarily  have  progreBsed  in  an  increas- 
ing ratio,  TinlesB  there  were  finy  oounteraoting  foroos  brought  into 
action  ;  for  the  cuiises  which  indaoed  it  would  still  have  been  in 
operation  ;  sediments  brought  down  by  the  Amazoa  and  Orinoco 
would  still  have  been  carried  into  the  Caribbean  Sea,  and  in  much 
greater  quantities,  for  tio  Equatorial  Current,  meeting  with  no  obstruc- 
tion at  the  isthmus,  would  have  b&en  propelled  wilh  greater  celerity 
by  the  trade-winds  ;  whilst  such  portinus  of  the  sediinents  from  the 
Mississippi,  as  are  iiow  carried  towards  Florida,  would  have  been  de- 
posited in  the  Gulf,  and,  if  the  winter  olimata  in  the  north  increased 
in  severity,  the  amount  of  these  deposits  would  he  augmented,  as 
the  frost  would  disintegrate  the  rocks  more  rapidly,  and  in  a  greatly 
increased  ratio,  if  the  land  was  covered  with  glaciers. 

If  the  temperature  of  our  island  can  be  influenced  in  any  appre- 
dable  degree  by  changes  of  temperature  affecting  the  Arctic  Ocean, 
the  winter  temperature  would  bo  lowered  to  an  immensely  greater 
extent  should  any  considerable  volume  of  Equatorial  water  be 
divortod  across  the  supposed  submerged  isthmus,  for  the  hottest  of 
tlie  water  would  pass  into  the  Pacifio  Ocean;  whilst  according  to  the 
eiee  and  depth  of  this  diverted  current,  the  Gulf  Stream  in  tba 
Atlantic  would  become  less  and  leas,  in  consequence  of  the  diversion 
,  of  that  foroe  by  which  it  was  impelled  forward. 

With  an  indeutalioii  of  Central  Amerioa  timilar  to  the  present, 
there  could,  under  no  ciroum  stances,  have  been  the  same  amount  of 
warmth  convej'ed  to  such  high  southern  latitudes  by  the  Brazilian 
Current  as  now  passes  to  the  north  by  the  Gulf  Stream,  for,  not  only 
the  whole  of  the  northern  division  of  the  Equatorial  Current  must 
have  been  propelled  into  the  Caribbean  Sea,  but  a  considerable 
amount  of  the  southern  division  also,  from  which,  on  account  of  the 
obstruction  caused  by  the  south-east  trade-winds,  there  would  be 
no  method  of  escape  southwards,  and  therefore  it  must  have  been 
borne  towards  the  north,  as  it  is  now  by  the  Gulf  Stream.  But 
should  there  have  been  depression  of  the  isthmus,  not  only  would 
there  have  been,  as  we  have  scon,  reduction  of  temperature  in  the 
North  Atlantic,  but  in  the  South  Atlantic  also ;  for  if  it  were  not 
for  the  obstruction  caustd  by  the  isthmus,  the  power  and  ostent  of 
the  Brazilian  Current  would  be  much  decreased,  in  cortsequeuce  of 
the  greater  portion,  and  that  the  hottest,  of  the  southern  division 
of  the  Equatorial  Current  continuing  onwards  past  Cape  St.  Koquo, 
60  much  of  it  not  being  deflected  along  the  cast  coast  of  South 
America  aa  tliere  is  now. 

If  this  submergence  of  the  isthmus  has  taken  place,  and  it  is  the 
necessary  result  of  those  changes  which  wore  in  progress  during 
the  Tertiary  Period,  the  extension  of  the  Gulf  of  Mexico  northward 
would  still  have  continued,  as  it  did  then,  far  into  the  interior  of 
the  continent ;  but  with  the  deflected  Equatorial  Current  it  would 
no  longer  he  supplied  with  water  of  a  tixipical  temperature,  but 
would  have  bad  the  nonnal  temperature  of  the  latitude,  and  even 
(h;s  would  have  been  greatly  diminished  by  the  glacial  coldness 
•"  tie  waters  brougbt  down 'by  ttvalitifi.wawL-^^iKtift.'Cn.feQViio, 
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Whh  Ihe  it^oiil  <£  die  G^  Strmm  iht  North  IVIat  Citrimt 
oonld  ha^e  had  bo  hi^^s  to^vncare  dtta  thtt  which  it  dorivoil 
from  the  Tempense  Zoae.  &b»  <T«islT  imeonh'ini^  th«  ooUl,  no 
that  the  moutore  whidi  dae  asao^»hei«  <oDiaiiMd  would  ha\*o  bt^m 
oondenaed  out  of  it  in  the  fixza.  of  snow  in  much  lower  latitmlea 
than  at  present  prohahlj  forming  a  gveas  ici»-bam«r  across  the 
ncnrthem  extremitT  of  the  Xonh  Atlantic:  With  such  an  exton8i\'e 
field  of  ioe  between  the  Atlantic  and  Arctic  Oceans  it  is  impn>liable 
that  snfficient  water  coold  lenudn  in  thd  atmospheie  to  adiuit» 
within  the  area  of  the  lattiv.  snfficient  precipitation  to  form  ice- 
floes as  extensiTey  or  as  thick,  as  occur  there  now. 

With  the  British  Isles  ooTered  with  a  great  thickness  of  siiow, 
and  with  glaciers  coming  down  to  the  sea,  it  maj  be  presumed  that 
the  southern  limits  of  the  ioe-drift  might  have  rangtMi  from  some- 
what south  of  oO*  X.  to  about  60^  N.  near  the  longitude  of  looluud ; 
but  an  extensiYe  frocen  area,  such  as  it  would  have  fonueil,  would 
condense  the  water  contained  in  the  atmosphere,  so  that,  U)>ou  the 
supposition  that  there  exists  an  open  Polar  Sea  whore  our  Arotio 
explorers  expect  to  find  it,  the  ice-floe  caused  by  its  preoii)itiiiion 
could  then  have  hardly  extended  much  farther  northward  than  the 
latitude  of  North  Cape,  the  most  northern  point  of  Norway,  aud 
beyond  it  there  would  probably  have  been  an  open  Polar  Oooan. 

l^rof.  Greikie  and  Mr.  James  Geikie  have  shown  that  in  Scotland 
there  are  evidences  which  demonstrate  the  ooourronoo  of  a  suuoitHNion 
of  Glacial  Periods,  having  intervening  times  character izod  by  a  mild 
and  even  genial  climate.  These  intercalated  temperate  periodn  have 
been  considered  to  be  indirectly  due  to  the  precoHNion  of  the 
Equinoxes,  which  during  a  period  of  extreme  oooentriuity  would 
gradually  have  caused  the  supposed  ioe-oap  to  shift  from  onn  pole 
to  the  other.  The  occurrence  of  a  succession  of  duproNHionii  and 
upheavals  of  Central  America,  causing  communioations  and  Mipara" 
tions  of  the  two  ooeans,  would  certainly  cause  the  satno  phetiotnntia 
to  take  place,  and  might  not  only  account  for  tliese  interiK)Ne<l  (ilfu^ial 
Periods,  but  also  for  the  occurrence  of  shtills  having  a  l^ontal 
character  during  intervals  in  the  Tertiary  PerifxL  It  is  a  clr«;iiiu- 
stanoe  not  unlikely  to  have  hapi>oned,  but  of  which  wo  hav<)  no 
absolute  proof ;  nor  has  any  evidenoe  of  it  l>een  s^itighi  for,  T<iiri|Ki' 
xary  upheavals  and  subsequent  depreHMion  liave  IxMti  not  nufrttt^tnuti 
botii'  during  the  deposit  of  Pal»oz<jio  as  well  as  luoro  re'xifit  f'ttuu^ 
tions. 

Mr.  P.  P.  Carpenter  has  nuf;f^miAi  tliat  tlm  UtUtrtifmutuftif'MVfft 
between  the  two  oceans  may  liave  l>e<;ri  o^trrnitiilMt  with  i^m  ^Ity-Mi 
oonditions  in  European  s^as;  whilst  others,  mut  umm  fftofit  *it^i$.tty 
than  Messrs.  Croll  and  G«ikie,  liav^  d/rr/iofmimUvi  ii//W  Ui^twu^-.Sy 
the  temperature  of  the  North  AtUiitic  wviM  Sm  tUmWinSnA  \ty  U»h 
removal  of  the  Gulf  Htreu/i,  *:^*Mt$ic^  "fvy/ll*ii'J  t//  tt^t^fUutfAi  a 
climate  as  Msn^rH  as  tli«t  </f  lAk/rwi^jr,  wUiUt  il»^  yf^f*9i$»^$  ^mX  *A 

It  has  now,  I  iLzx^k,  hh^*  \/r/f*:fi  ihMt,  wjU^  Ot^  j/f  4«^/.  v//..t//v/  '/f  U#« 
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shores  of  the  North  Atlantic,  the  oociurence  of  exlreme  oold.  dcpoiident 
on  Iho  winters  wcurring  when  the  earth  ia  at  its  greatest  dietanoe 
from  the  Sun,  and  during  great  eccentricity  of  its  orbit,  is  inadequate 
to  cause  gkctal  conditions  in  the  British  Isles  and  Eaalera  Europe. 
The  saiMo  reasoning  which  Las  be«n  used  to  demanEtrato  it  will  also 
apply  to  their  occurrence  as  a  consequence  of  a  §uppoied  increase  of 
the  obliquity  of  the  Ecliptic.^  The  diversion  of  the  Gulf  Stream  ia 
upon  all  bands  considered  sufficient  to  produce  all  those  effects  which 
ooourretl  in  Britain  during  the  Glacial  Period ;  and  there  are  many 
evidences  which  tend  to  prove  that  subsidence  of  the  islhinua  has 
taken  place,  bo  as  to  allow  of  this  change  in  the  direction  of  the 
Eiiuatoriftl  Current,  but,  to  obtain  absolute  proof,  it  is  requisite  tliat 
inveatigftliona,  with  this  object  in  view,  be  made  in  Nicaragua  and 
other  parts  of  Centi-al  America. 

II. — Did  tub   Cold   of  the  Gl&oial  Epoch   extknd  ovkb  the 
Southern  Hkuisphkbr  ? 
Bj  Capl.  F.  W.  HvTTOS,  F.G.8. 

SO  niany  geologists  appear  to  take  it  for  granted  that  the  cold  ef 
the  Glacial  EpocJi  extended  over  the  whole  earth  that  a  few 
words  of  caution  from  the  Sontheru  HemiBphere  may  not  perhaps 
be  out  of  plaoe. 

The  existence  in  the  Pleistooena  Feriod  of  &  Glacial  Epoch  in 
Eiirripe  mid  North  America  having  been  firmly  eBlablished,  the 
former  greater  extension  of  glaciers  in  many  other  parts  of  the 
world  is  coiiBiJereii  to  be  explained  by  the  Glacial  Epoch,  and  at 
the  same  time  ia  taken  aa  a  proof  of  the  universal  estent  of  tlie 
cold,  and  thcrotbre  of  ils  cosmical  origin.  But  wo  must  remember 
that  out  of  a  number  ul'  mountain  diains  which  reach  above  tiie 
level  of  perjjctual  snow,  those  only  would  not  show  traces  of  a 
foimcr  greater  extension  of  tJieir  glaciers  wbicli  now  happen  to 
stand  at  a  higher  elevation  than  in  [Mist  ages ;  and  of  the  cbaiiiB 
that  do  not  now  attain  to  the  limit  of  perpetual  snow,  but  hod 
passed  that  limit  at  some  previous  ]>eriod  iu  their  liietory,  would 
also  show  traces  of  former  glaciation.  So  that  a  former  greater 
extension  of  glaciers  in  a  district  by  no  means  proves  a  general 
reduction  of  temjierature ;  and  I  need  hanlly  point  out  that  we 
have  but  two  nieuns  of  proving  a  former  reiluction  of  temperature 
at  the  sea-Icvel,  viji.  (1)  the  migration  of  a  fauna  towards  the 
Equator,  caused  by  the  gradually  increasing  cold;  and  {2}  (be 
fornier  extension  of  glaciers  into  the  sea  in  places  where  at  present 
they  tcniiinate  at  a  certain  height  above  it ;  and  in  the  latter  case 
the  difference  of  level  must  he  so  great  that  it  could  not  be  accounted 
for  by  a  former  greater  snow-fall  in  tlio  district  Now  I  believe  that 
no  good  evidence  of  either  one  or  other  of  tliese  has  been  adduced 
in  any  country  in  the  Southern  Hemisphere,  and  until  this  is  done 

'  riimsto  of  llio  Oliicml  IVrk.d.  By  Tliomas  Rpit,  P.G.S.  Quiirt.  Jouni.  ol 
Si'iencr,  lH7t,  V'.'V:<'  4el-  \^triali.>iis  in  the  OI)li,,iiitv  oi  \hr  Ecli].tic.  IJj-  Colonel 
A.  IV.  Dravsun,  i'.U.A.S.tluail.  lo>iiti.  ol^'iw^s:';,Wa,BaEu  279. 
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we  most  look  with  suspicion  on  all  cosmical  theories  which  attempt 
to  explain  the  cold  of  the  Glacial  Epoch. 

Mr.  CroU's  theory  has  found  great  favour  hecause  it  was  BU]>po8eil 
to  rest  on  astronomical  evidence,  while  in  reality  the  astnmomu^al 
evidence  is,  if  anything,  slightly  against  it;  and  the  theory  is 
founded  on  speculations  in  Meteorology,  a  science  not  even  so  well 
understood  as  Greology.  The  theory  of  the  change  in  the  obliquity 
of  the  ecliptic,  advocated  by  Lieut. -Colonel  Dray  son,  Mr.  Bolt,  and 
others,  is  simply  a  supposition  which  is  altogether  opposed  by  astro- 
nomy.' For  if  the  position  of  the  ecliptic  has  ever  changed  as  much 
as  has  been  supposed,  it  is  evident  that  astronomers  must  be  wrong  in 
attributing  the  present  change  in  the  obliquity  to  the  joint  attraction 
of  the  planets ;  and  in  my  opinion  it  is  premature  to  call  in  cosmical 
theories,  founded  on  conjecture,  to  explain  the  cold  of  the  Glacial 
Epoch,  until  we  are  compelled  to  do  so  by  the  absolute  proof  of  its 
universality.* 

But  at  present  there  is  no  proof  of  a  Gleicial  Epoch  in  the  Southern 
Hemisphere,  and  all  the  evidence  that  can  be  adduced  on  the  subject 
appears  to  me  to  negative  such  a  supposition.  There  are  only  tliree 
countries  where  we  can  expect  to  obtain  proof  or  disproof  of  the 
former  existence  of  a  Glacial  Epoch  in  the  Southern  Hemisphere, 
viz.  South  America,  New  Zealand,  Tasmania  and  Australia;  aud 
I  have  placed  the  names  in  the  order  of  their  relative  import- 
ance with  regard  to  this  question.  I  will  begin  with  New  Zealand, 
which  is  the  only  one  of  the  three  on  which  I  can  ofifer  any  original 
observations. 

New  Zealand  extends  over  13  degrees  of  latitude  from  34°  S.  to 
47°  S.  and  the  difference  between  the  mean  annual  temperatures  of 
the  two  extremities  is  rather  more  than  10°  Fahr.  Having  resided 
at  Auckland  in  the  north,  at  Wellington  in  the  centre,  and  at 
Dunedin  in  the  south,  I  can,  from  my  own  observations,  state  that  a 
oondderable  difference  exists  in  the  molluscan  faunas  of  all  these 
three  localities.  It  would,  perhaps,  be  more  correct  to  say  that  the 
northern  and  southern  extremities  of  New  Zealand  have  each  their 
own  fauna  (which  commingle  in  Cook  Straits),  with,  however,  a  pre- 
ponderance of  northern  forms.  This  difiJEsrence  in  tlie  faunas  is 
greater  than  would  appear  by  mere  lists,  for  many  species  which  are 
abundant  in  the  north  are  extremely  rare  in  the  south,  and  mjtue 
species  that  are  abundant  in  the  south  are  very  rare  in  the  north.  I 
do  not  intend  here  to  go  into  details  on  this  subject ;  I  only  wish  to 
point  oat  that  New  Zealand  extends  over  a  sufficient  nnnilicr  of 
degrees  of  latitude,  and  has  a  sufficiently  different  fauna  at  its 

>  The  theoiT  referred  to  br  Capt.  Hatt/m  in  ind<ied  tqrptfi^  U»  the  irif.w%  tA  nnrnt 
attrcntmeri,  but  nai  iMy:'-wianlv  th#rr<'for*:  Vi  AMtronomy.'^YAtii.  HfjtL.  Mao. 

'  A  more  serioiu  diffi'-oltT  im  (ihfthfpnU  hw  ariM^n  than  that  o1  ^xpUinin((  the 
eold  of  the  Glacial  wM:h ;  namelr,  V>  explain  the  wann-U;wifj^at^  and  eren  fiif>- 
tropical  heat  of  the  Karlier  Tertunr  peH'idA  in  hijfh  nr>rthem  latitad^.  Hwih 
chaDg«A  are  mA  "foanded  on  t/mjecture.'*  See  I'rof.  Sortit-mkuAfl^  nrtkh  in  the 
XoTember  XomW  of  the  (}tf,L.  Mao.  p.  624.  He*  aU^/  Addre^M  V,  the  0*i^»I/»iriJ«U' 
AModation,  by  H.  W/y^ward,  F.K.S.,  Sow.  ©th,  1*74,  Proc.  Ov.l.  Aa^jt.  W*, 
▼oL  iT. — Ebit.  (HtoL.  Mao. 
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northern  and  southern  extremitieB  to  esliibit  migration  by  obnnge  of 
oliniata ;  and  of  courso  it  is  at  Ihe  ccLtre,  or  Cook  Straits,  where  we 
could  best  trace  tLeso  inigratiotiB. 

Now  it  so  happeuB  tliat  at  Wnnganui,  in  Cook  Straits,  we  bftve  the 
most  extensive  Pleietoueue  sheU-bearing  bed  iu  New  Zealand,  fuid 
M  the  fossils  are  well  preserved  and  easily  extracted,  it  has  been 
pretly  thoroughly  worked.  From  this  bed  91  apecies  of  shells  are 
known,  of  which  61  ai<d  still  living  iu  the  aeas  of  New  Zealand, 
Of  these 


Monilta  (pma,  Gould. 
flutladidm  Iridnt,  Uraj. 
Zmalia  meiiHta,  Qaof. 
Vfitu  Zmlaniieut,  Oraf . 
Ckione  YalH,  QraT. 
Calliita  di»ru)tta,  baab. 
Mytia  Zealandiat,  Gray. 


I 


Trephon  liima,  (.'tusk. 

Ftutu  inUaiiiUta,  ^aoj. 

Iftptunasn  triton,  hmOTu 

nodtnu,  Quaf . 

Oamii  pymm,  Laia. 

l^i'riltlla  villala,  Hutt. 

Crypla  conlorta,  Qnoj, 
«re  not  now  known  to  live  on  (he  oonsts  of  Otago,  although  all  are, 
I  believe,  still  found  in  Cook  Straits.  On  the  orher  haod,  P(cX^ 
radialua,  Hutt.,  which  at  present  has  only  been  found  living  in 
Foveaux  Straits,  occurs  fossil  in  the  Wanganui  Pleistticone  bed. 
There  is  therefore  here  no  evidence  of  reduction  of  temperature  io 
the  early  part  of  the  I'leiatoceue  period. 

Below  this  Pleistooene  Led  at  Wanganui  a  blue  olay  is  found, 

Ifrom  whioh  98  sncoies  of  shells  have  ^n  obtained.     Of  thesd,  7T 

species  elill  inhaint  the  seas  of  New  Zi'iiland.  and  consequently  I 

consider  this  clny  to  belong  to  the 

the  recent  shells  found  in  it  are 

Munx  7-,«la„dieia.  Uuov. 

TrophtH  Ftniit,  ('rosse. 
i'laua  prnmn,  Hutt. 

taiulalm,  Quoy. 

Zeiitandim,  IJiioy. 

mandariHUt,  liiiclos. 

dUalalui,  Quoy. 

Eulhria  lilloriiioiil-i.  Reeve. 
Hepluiiaa  liiton.  Less. 

BodojBj,  (Juoy. 

Drilliii  Xora-Zi«t«ndiir.,  ReeTC. 
Bwhanam,  Hutt. 

— all  of  which  live  north  of  Cook  Straits,  but  none  of  them  are  kno\vn 
from  Otago.  However,  in  the  same  bed  Drillia  JcBris,  Hutt.,'  and 
I'eclm  radiafuB,  Hutt.,  also  occur,  which  at  present  are  only  knoxvn 
to  live  in  Fovcnnx  Straits.  I  have  also  travelled  over,  and  mapped, 
the  whole  of  the  Province  of  Otago,  and  have  met  with  no  stratified 
till,  nor  any  marine  bods  intercalated  between  glacial  or  glacier 
deposits;  although  since  the  Pleistocene  Period  the  land  has  been 
undergoing  elevation.  On  the  whole,  therefore,  the  evidence  is 
decidedly  against  the  idea  that  a  colder  climate  formerly  obtained 
in  Now  Zealand.' 
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'  A  minute  shell  dredged  in  Pot«su  Stiaita, 
the  annh. 
'  Dr.  UecU)T,  F.It.S.,  Di 


may  have  b«en  overlooked  in 
ottVE<ieo\t)^ta\^Mri«^  titKew  Zealand,  was  the 
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Plofeflsor  M'Oqj  htm  also  oome  to  the  ocmcliiaoa  that  there  was 
no  Glacial  Epoch  in  Victoria.  He  saje :  "  All  our  evidence,  in  fact, 
goea  to  ahow  that  there  was  no  Gladal  Period  in  Victoria  succeeded 
by  a  warmer  modem  one,  bat  that  there  has  been  a  regolar  and 
gpradnal  falling  of  the  temperatore  to  the  present  day/*  ^ 

In  his  "  Gteological  Observations  on  South  America,"  Mr.  Darwin, 
when  mentioning  any  recent  shells  found  fossil  in  the  Pleistocene 
beds  of  Patagonia  and  Chili,  always  states  that  the  living  forms  are 
found  within  a  few  miles  of  the  foasil  ones ;  and  never  in  any  in- 
stance does  he  mention  them  as  belonging  to  species  now  living 
further  to  the  south. 

I  have  not  seen  the  late  Prof.  Agasmz's  account  of  his  visit  to 
Patagonia,  further  than  the  short  notice  published  in  *'  Nature,"  but 
I  do  not  think  that  he  procured  any  evidence  of  a  northerly  migra- 
tion of  the  fauna  in  Pleistocene  or  Pliocene  times,  followed  by  a 
southerly  remigration ;  nor  even  of  glaciers  having  formerly  entered 
the  sea  in  more  northern  latitudes  than  they  do  now.  However,  the 
evidence,  as  far  as  South  America  is  concerned,  can  be  better  studied 
in  Englfloid  than  in  New  Zealand,  and  the  object  of  this  paper  is  to 
point  out  that  there  is  no  evidence  whatever  of  a  Glacial  Epoch 
having  occurred  in  New  Zealand,  although,  if  it  had  occurred,  there 
is  every  reason  to  expect  that  it  would  have  left  sufficiently  dear 
tnfcces  behind  it. 

I  will  also  add  that  as  New  Zealand  is  nearly  antipodal  to  Great 
Britain,  any  change  of  climate  in  one  place,  caused  by  a  change  in 
the  position  of  the  earth's  axis  of  rotation,  would  also  necessitate  a 
similar  change  in  the  other  place. 


nL — Ok  thx  Olassifioation  and  Nomenolatube  of  Books. 

By  S.  Allport,  F.G.S. 

rthe  September  Number  of  the  Geol.  Mao.  pp.  425,  426,  there 
are  some  remarks  by  Mr.  G.  H.  Kinahan  on  the  nomenclature  of 
certain  igneous  rocks,  on  which  I  should  like  to  offer  a  few  observa* 
tions.  The  rocks  referred  to  belong  to  the  acidic  group,  and  are 
mentioned  under  the  various  names  of  granite,  nevadite,  granitic 
rhyolite,  liparite,  trachyte,  elvanite,  siliceous  elvanite,  felstone, 
bottleite,  trachalite ;  the  two  last  being  synonymous,  for  it  appears 
that  bottleite  is  the  local  name  for  a  vitrioid  rock  pronounced  to  be 
trachalite ;  but  several  of  the  other  names  are  also  synonymous  or 
uselesft,  for  we  are  told  that  nevadite — a  proposed  new  addition  to 
our  granitic  rocks — ^is  characterized  by  a  more  or  less  crystalline 
felsitic  matrix  inclosing  crystals  of  quartz,  one  or  two  felspars  with 
mica  or  amphibole.     Now,  such  a  rock  may  be  either  a  '  granitoid 

ftnt,  in  1863,  to  oppose  the  notion  of  a  Olaeialipoch  in  New  Zealand  an  quite  irreron- 
eilable  with  observed  facts ;  and  he  showed  that  the  former  i^xUinnion  of  i\u'  KlafMeni 
is  sofficiently  accounted  for  by  the  gradual  reduction  of  the  surface-area  expoMKl 
aboYe  the  nernetual  snow-line ;  firstly  by  its  eronion  into  vall«ys.  rid^ffi,  and  pi-ak*  ; 
and  seconoly  by  its  gradual  subsidence.  [See  his  pap«jr  Jourii.  |^ly.  (iifo^raph.  Hoc. 
1864,  p.  103;  and  Gbol.  Mao.  1870,  Vol  VII.  p.  96.]— Kdit.  Oisol.  Mao. 
1  Ann.  Nat  Hist  3rd  aexiei,  zz.  p.  194. 
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TBTiety  of  liparite.'  a  '  grsDitio  rhyoUto,'  an  elvanite,  or  a  dlioeous 
elvutiite,  for  the  definilioii  ^veo  would  be  ijuite  as  applicable  to  auy 
-oue  as  to  tbe  ottien.  Nevadite  is  then  bmA  to  represent  "  the 
p«8Gnge  rock  betneea  ti'acbyle  and  normal  granite ;  eiuiilarly,  aa  a 
Biliooous  elvanite  ainong  the  older  rocke,  is  the  passage  rock  between 
felHlone  and  normal  granite."  The  author  then  infomiB  U8  that  ho 
mspects  the  existence  of  passage  rocks  between  avjile  and  gtatut*  ; 
mud  these  are  subsequenliy  mentioned  aa  "maculated  basic  i>>cks 
which  seem  to  graduate  into  dolorite  and  augite."  It  lias,  of  course, 
been  long  known  that  the  extremea  of  the  acidic  and  basi<i  seriea 
overlap,  and  that  some  of  these  intermediate  forms  exhibit  a  complete 
transition  from  the  trachytes  to  the  dolerites ;  they  are,  in  fact,  the 
trochy-doleritea  of  Abicfa,  and  there  are  rocks  of  quite  similur  oom- 
poflition  belonging  to  the  older  geological  periods  ;  but  a  ruck  inter- 
mediate between  augite  and  granite  must  be  something  new,  and 
petrologists  will,  no  doubt,  be  glad  to  learn  something  more  about  it 

If  to  the  ten  namea  above  mentioned  be  added  andesite.  docite, 
and  domile  among  the  more  recent  rocks,  and  felsile,  petroailei, 
felspar  porjihyry,  quartz  poipbjry,  homstotie  porphyry,  eurite. 
pegmatite,  granitite.  etc.,  among  the  older  aeries,  tbe  reader  will  have 
some  faint  idea  of  the  amount  of  confusion  introduced  into  tbe 
nomenclature  of  one  group  of  rocks  by  tbe  mis-directed  ingenuity  of 
those  who,  like  specics-m^ers  in  other  branches  of  natural  science, 
are  never  so  well  pleased  as  when  inventing  new  names  for  mere 
local  varieties, 

Now  it  appears  to  me,  that  if  we  wish  to  introduce  something  like 
order  and  simplicity  into  our  rock-nomenclature,  we  may  as  well 
commence  by  discarding  the  old  notion  of  an  essential  original  dif- 
ference Wween  volciinic  rocks  of  diflerent  geological  periods;  and 
I  imagine  there  will  be  found  a  general  disposition  among  geologists, 
not  only  to  depi-ecate  the  introduction  of  new  names  for  mere 
varieties,  but  also  to  insist  ou  the  necessity  of  reducing  tbe  number 
of  tliose  now  in  common  use.  The  existence  of  the  two  great  groups 
of  acidic  and  basic  rocks  has  long  been  lecoguized,  not  only  among 
the  prwlucts  of  recent  volcanos,  but  also  in  association  with  strata 
belonging  to  the  older  formations.  I  have  shown  elsewbere,  tlmt 
basic  rocks  of  widely  sejiaraled  geological  periods  are  idcutical 
in  composition  and  structure,  and  every  additional  investigation 
clearly  indicates  that  the  same  generalization  may  be  applied  to  tlie 
members  of  the  acidic  group.  In  tbe  older  series,  for  example,  there 
are  the  feisiles  or  fclstoiies,  and  the  porphyritio  felsites  or  "  felspar 
porpbyries,"  which  with  the  addition  of  free  crystallized  quarli, 
become  "quartz  porpliyries,"  "elvanites,"  etc.;  and  among  the 
Tertiary  or  recent  rocks  there  is  the  strictly  corresjiouding  series  of 
tracJiytes.  porpbyritic  trachytes,  quartz  trachytes  or  liparites.  The 
mode  of  occurrence  of  all  these  rocks  is  precisely  the  same,  and  tbe 
members  of  the  two  groups  cannot  he  distinguished  from  each  other, 
either  by  mineralogiciil  composition  or  structure. 

It  will  probably  not  now  he  disputed,  that  there  are  true  granites 
of  all  agea,  and  soonei  ot  IsAei  it  viili  be  recognized,  that  the  old 
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felBtones  and  porphyries  were  originally  identical  with  tlio  more 
recent  trachytes ;  corresponding  Tarieties  occur  in  both  norioH,  niui 
microscopic  examination  clearly  shows  that  the  difference  ubsorvu^Kt 
in  some  of  the  older  rocks  is  the  result  of  chemical  or  uUiur  motn- 
morphic  action  to  which  they  have  been  exposed. 

lliere  is,  however,  an  occasional  difference  in  texture  whioli  rilutuKl 
not  be  overlooked.  There  can  be  but  little  dou}>i  that  in  tho  infiit* 
rive  sheets  of  various  old  rocks  we  have  before  um  hoiiio  of  tbo  \\\\\ 
docts  of  volcanic  action  which  have  been  foriiunl  far  Inflow  iho 
surface,  or,  at  any  rate,  beneath  great  piles  of  ejiMstiMl  antl  loo»ol\ 
aggregated  materials,  which  have  been  Bu)iHe(|uon(Iy  n^inovfti  t«\ 
denudation.  Bocks  thus  formed  under  pressure  ini^ht  Ik*  o\|^vi<>«l 
to  differ  considerably  in  structure,  if  not  in  conipmition,  fnuu  tlu^c« 
ponred  out  on  the  surface;  and  this  is  frequently,  thtui^h  b\  no 
means  invariably,  the  case:  for  the  central  partH  of  ninnv  l(«v<i  tlitwn 
are  as  compact,  and  exhibit  precisely  the  same  ti'xtuiv,  lui  tho  i«hi»<«tN 
which  have  been  intruded  among  the  surrounding  Htradi.  0<miim\iM\  . 
however,  the  upper  and  lower  surfaces  of  true  luvu- flows  ato  iIim- 
tinctly  vesicular  or  scoriaceous,  a  character  not  exliibil«Ml  \\y  intra 
sive  sheets,  but  one  quite  as  common  in  Silurian  or  (Wboniloi^mn 
lavas  as  in  those  of  recent  formation. 

Intimately  connected  with  this  subject  is  the  old  flint iin«t ion  \m>» 
tween  the  so-called  plutonio  and  volcunic  rockH,  a  diHiinrlitui  whiolt 
I  have  long  held  to  be  entirely  erroneous  in  tho  senso  in  whioli  ii  ih 
frequently  employed,  but  which  is  still  maintained  by  authors  of  (ho 
highest  repute,  more  especially  among  our  (jennan  frionils.  As  an 
example,  I  may  adduce  the  last  edition  of  Naumann*s  "  LiOirbuoh  dor 
Geognosie"  (voL  ii.  p.  63),  in  which  it  is  niiule  tho  l>jisi8  of  liis 
classification,  the  plutonic  formations  being  characterizeil  as  oruptivo 
rocks  not  formed  by  true  volcanos.  A  list  of  the  rooks  is  thon 
given,  and  among  them  are  inclnded  dioritc,  diabase.  augitpori>hyr. 
gabbro,  hypersthenite,  melaphyr,  with  their  conglomerates  and  tntfa. 
But  all  these  rocks  are  now  well  known  to  be  true  volcanic  products  : 
the  so-called  melaphyres,  diabases,  etc.,  of  Silurian  and  Carboniferous 
ages  are  frequently  found  regularly  interstratified  with  beds  of  ash : 
the  separate  flows  are  scoriaceous  and  slaggy  at  top  and  b-ratom, 
and  they  are  evidently  as  true  lavas  as  any  of  those  ejected  by  still 

active  volcanos. 

It  appears,  then,  that  there  are  two  fallacies  underlying  the 
present  system  of  cla««i float i on :  Ist,  that  pIutoni<:  rx:k»  hav*r  not 
been  formed  in  connexion  with  true  vohian^^ ;  »nd  2n'i,  ih^it  rxks 
of  different  geologi^^al  iig«jB  an-  <:it;irtt4;Usriyjvi  by  a  diff'-rc'^'x-  in 
mineral  conrtitution.  in  ih';  lin*t  lAutia  it  ruay  f^:  rtiuytrkvi  ^}jhX 
the  doctrine  laid  down  in  th';  i*jntt*ir  \»ri\fi^\xi'm  *;?iu  \^:  n-Ar/jfj'^ 
more  than  a  men;  awk'jnijytivn,  w:,i';fi.  l/oi/i  tU-  yt-ty  yj^«  jm;  oj  u^t^ 
case  can  wjldoin  or  rjev«r/'  ^<;  'aj/*oj<-  oi  *\*'Ui'nt^yti%*\'j\  Jo;  :f  '^^^r;;;;// 
masses  were  ori;ri«Aiiy  forth* '^  i'-ft   »/«;J'-/w  r}i«:  njfi.j^j-   ^u*i  i»'.  /^ow 

exwse'l   alyyVe  ir.  MJ:  o'v*ihii^'/  /'/>•:  tii^jt*  h;iV<;  'MA.-i    i«frr;v«,'J.  afj'j 

with  thetu  liA*  'iiv^ij\jhitt*yi  -'iJi  «;vi'i<-f-'A  «^  «//  i).i  ■;  wj^.v..',  v'  v^^r 
mode  of  OTiy^iu*     /"vitv-'^^^tJ/,  >*vwvvv/.  i\  >*  wa  />vw  M/At>i»4»//  V/ 
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hftve  reoourse  to  hypothctionl  reasoning  on  the  Buhjeot,  for  th« 
the  cleareat  evidence  that  the  so-co-lled  plutonic  rocks  are  in  reAlity 
the  lower  portions  of  true  lavR-itreams  which  have  reached  and 
flowed  over  the  snrruce.  In  that  iDost  interesting  and  important 
contribution  to  Bcience  which  Mr.  Judd  recently  laid  before  the 
Geological  Society  (Quart  Jonm.  vol.  xxs.).  he  has  clearly  shown 
that,  among  thoTertiftij  volcanio  rocks  of  the  Hebrides,  deeply 
formed  granite  pasHcs  by  insensible  gradatiouB  into  relsilea  wliich 
have  reached  the  surfaoe ;  and  that  the  ooarady  crystalline  gsbbroa 
of  the  central  parte  of  the  volcanus  also  pass  grailoally  into  doleritee 
ftud  hasulte,  which  formed  lava-Btreams  of  enormons  extent. 

Admitting,  then,  the  inaccuracy  of  the  prevailing  views  on  the  two 
points  just  inentioneil,  the  (Question  of  classification  and  uomonolature 
becomes  considerably  narrowed  and  simplified.  For  if  it  he  the 
fact  that  there  have  been  true  volcanos  from  the  earliest  period  in 
whicb.  there  is  evidence  of  life,  or  of  the  earth  being  in  a  habitable 
condition,  and  also  that  the  products  of  volcanic  action  have  been, 
with  p(-rhaj>a  a  few  esceptions,  the  same  from  the  earliest  to  the 
present  |)er{od,  it  becomes  evident  that  they  shonid  be  regarded  as 
forming  one  natural  group,  and  otaasified  in  accordance  with  such 
definite  and  ascertained  oharaolere  as  they  may  be  fonnd  to  posses*. 
Some  of  these  have  been  long  recognized.  The  separation,  for  ex- 
ample, of  the  entire  series  of  voloanio  rocks  into  the  two  (^assea  of 
baaie  and  aeidie,  is  simply  the  ^[oeiwon  of  a  well-asoertaiDed  tact, 
which  may  be  verified  in  every  (juniler  of  the  globe:  nnd  the  sub- 
division of  the  liitler  into  roeks  possessing  a  granitic,  fehilic.  and 
vilreoiis  texture,  with  their  respective  porpliyritic  varieties,  although 
based  on  more  special  charactetB.  is  nevertheless  of  wide  application. 
So  far,  there  are  but  few  diffiuulties  to  contend  with ;  but  in  the 
adoption  of  specific  names,  there  is  abundant  opportunity  for  those 
who  like  to  exercise  tlieir  ingenuity  in  llio  discovery  of  n  new  species 
in  every  variety  of  rock  that  happens  lo  fall  into  their  hands.  They 
havea  Ircady  made  the  list  loo  lon^,  and  it  might  he  at  once 
advantageously  curtailed  by  tlie  rejection  of  several  synonymous  or 
otherwise  bad  terms.  Among  these  I  should  include :  felstone,  fel- 
spar porphyry,  quart z-poiiihyry.  and  clvanite,  which  would  be  better 
named:  febile,  poqibyrilic  felsite,  and  porpliyritic  quartz -felsite, 
though  the  latter  is  ratlier  long.  Elvanilc  is,  however,  a  bad  name 
for  it,  as  the  rock  is  not,  as  was  sup]M)Ked,  really  characteristic  of  the 
Cornish  elvans.  An  examination  of  a  hii^ge  series  of  these  rocks 
clearly  shows  that  they  are  s^iuiply  dykes,  very  many  of  which  con- 
sist of  typical  gi'anile,  while  others  are  quartz-fel sites  which  are 
frequently  porpliyritic  in  texture. 

In  whatever  sense  the  local  Cornish  term  elvnn  may  have  been 
originally  used,  it  has  now  no  very  definite  applicjilion,  fi)r  in 
adilition  to  the  granitic  and  felsitic  elvans.  there  are  the  '  blue  '  and 
'grey  '  elvans  of  the  miners,  some  of  which  are  altered  gabbros  and 
dolerites.  or  even  hard  altered  slatea. 

In  conclusion,  it  would,  J  think,  be  premature  at  present  to  suggest 
^Oj  great  changes  either  in  cla&ei&.ca.tion  or  nomenclature  ;  but  trom 
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the  progress  already  made  iu  the  examination  of  rooks,  with  im- 
proved methods  of  invcBtigation,  it  appears  probable  that  a  few 
more  years  will  suffice  for  the  acquisition  of  a  more  complete  know- 
ledge of  the  numerous  varieties  of  volcanic  rocks,  of  their  constituent 
minerals,  and  of  the  various  modes  in  which  they  may  be  associated. 

IV. — Wind  Dbntjdation. — Eolitks. 
By  T.  Mbllabd  Rxadb,  F.Q.S. 

I  AM  not  aware  that  any  geological  notice  has  been  taken  of  the 
effect  of  the  wind  on  a  flat  sandy  shore,  further  than  the  simple 
removal  of  the  sand  therefrom,  and  its  collection  on  the  sea-margin 
in  the  shape  of  sand  dunes. 

At  the  present  moment  a  walk  on  the  shore  at  Blundellsands  has 
vividly  impressed  me  with  the  efficacy  of  this  agent — wind — as  a 
denuder. 

Though  I  have  frequently  observed  the  phenomenon  I  am  about 
to  describe,  after  continued  gales  from  the  North- West,  I  never  saw 
it  displayed  in  so  uniform  a  manner  as  now.  There  has  been  a 
oontinuance  of  wind  from  the  North- West  for  a  lengthened  period,  and 
the  shore  between  high-water  of  neaps  and  springs  is  covered  with 
little  ridges  of  sand  lying  with  their  axes  parallel  and  in  the  same 
direction  as  the  wind.  The  uniformity  and  parallelism  of  direction 
is  most  remarkable,  and  would,  supposing  they  wore  to  be  preserved 
by  being  filled  up  with  fiue  silt  in  places,  and  ages  hence  were 
converted  into  rock,  show  to  a  future  geologist  unerringly  the  direc- 
tion of  the  wind  at  the  time  they  were  formed.  Tlie  largest  of  these 
little  ridges  are  about  2^in.  long,  and  their  height  about  fin.,  and  as 
I  counted  of  all  sizes  12  in  a  space  of  6  inches,  it  would  be  safe 
to  average  them  at  ^  an  inch  apart  A  closer  examination  shows 
that  the  windward  or  "  crag  "  end,  which  is  the  highest,  is  usually 
capped  with  the  fragment  of  a  shell,  and  also  that  this  end  is  often 
an  overhanging  point  or  veritable  "  crag."  Where  best  developed, 
they  look  like  a  shower  of  darts,  shot  into  the  ground  at  the  same 
angle.  So  much  for  the  facts.  Now,  what  do  they  tell  us  ?  In  the 
first  place,  it  is  quite  evident  that  they  are  formed  by  the  excavation 
of  the  surrounding  sand,  and  indicate  the  depth  to  which  the  sand 
has  been  removed  ;  the  shell -capped  points  are  the  original  surface 
of  the  shore,  and  the  shells  have  acted  in  preserving  an  approxi- 
mately horizontal  pillar  of  earth  behind  them,  like  the  stones  capping 
the  "  earth  pillars  "  shown  in  Lyell's  *'  Principles,"  have  caufle*!  the 
vertical  earUi  pillars  by  protecting  the  ground  underneath  from  rain 
denudation.  Here  the  parallel  ceases,  for  the  moisture  in  one  case 
causes  the  denudation,  whilst  the  drying  up  of  the  moisture  by  the 
wind  does  so  in  the  other.  Where  these  minute  ri^lges  are  \H:Ht  de- 
veloped the  shore  is  always  moint,  and  the  wind  eff».-ct8  the  removal 
of  the  sand  by  drying  the  surface  grains  and  blowing  them  away, 
any  little  protection  in  the  shape  of  a  larger  object,  stioh  as  a  shell 
fri^gment  protecting  the  sand  in  the  rear,  and  so  forming  a  ^'crag 
and  taiL" 
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As   the  whole  of   this   denuda-tion,  which  otherwise   wonld  go 

nnnoticed  and  unmeafitired,  must  have  taken  place  since  laat  spring- 
tide, wB  nee  what  an  i^normoiia  mass  of  sand  has  bees  moved  Biiic« 
that  time.  The  greater  part  of  this  no  doubt  does  not  get  beyond 
the  reach  of  the  tide,  and  is  blown  on  to  the  higher  parl«  of  the  shore, 
to  bo  perhaps  again  washed  into  the  aea.  Moisture  is  essentia!  to  the 
prodnclion  of  these  little  ridges — shall  I  c€dl  tliem  "  Eolitea"? — and 
it  is  instructive  to  obnerve  ou  tlic  extreme  upper  and  dry  part  of  the 
chore  ibat  the  eSeot  of  the  wind  is  to  cause  ripple  marks  at  right 
'angles  to  its  direction,  and  almost  undistingiiish able  from  trne  water 
lipple  marks.  I  estimate  that  the  denudation  has  been  fully  }  of  an 
'inch  or  33  cubic  yards  per  acre  in  about  a  weotc,  or  say  2000  tons 
along  our  two  miles  of  shore.  It  would  be  interesting  to  know 
if  any  geologist  has  ever  unearthed  a  fossil  answering  this  desciiption. 
[See  a  letter  from  Mr.  Joseph  Duff  in  Gbol.  Maq.  1865,  Vol.  IT. 
p.  136,  on  Carboniferous  Sandstone  with  surfaoe-raarkingH  {Plate  IV.). 
bIso  one  from  the  late  Alexander  Eryson,  Es([„  F.R.S.E.,  on  Srirface- 
naTkinge  on  Sandstone  (with  a  Woodcut),  op.  eit.  p.  189,  The 
Wave-like  and  rippled  an-angement  of  the  snrfiice  of  the  sand  in  the 
Sahara  canned  by  the  prevalent  N.E.  winds  has  frequently  bebn 
alluded  to  by  travellers.     See  filisfe  lieolus  ••  The  Earth,"  Section  I. 

English  edirion,  edited  by  H,  Woodward,  F.B.S.,    1871,  p.  93 

Edit.  Geol.  Mag.]  -^^^h^m 


V. — Notes  on  Some  Sarsdev  Stones. 
By  Prof.  T.  Ki  pert  Jones  F.Ii.S.,  F.Ci.S. 

T.  Coneretlonnry  icilh  Calrareovs  Cement. — Last  auliimn  the  Rev, 
John  Adams,  of  Stockcrons,  kindly  totik  mo  to  see  the  interesting 
specimen  of  Sarsden  Stone  in  nifn  at  Langley  I'nrk,  north  of  New- 
bnry,  Itciks,  which  he  described  in  the  "Trans.ict,  Newbury  District 
Field  Club,"  vol.  i.  1S71,  p.  107,  and  in  the  Gboi.,  Mau.  Vol.  X. 
p.  200;  and  which  has  also  been  descrilwd  by  Mr,  \V.  Whit-iker  in 
the  "Memoirs  Geol,  Survey,"  vol.  iv,  p.  1J);J.  'Iliia  conci-etionary 
Sarsden  Stone,  belonging  to  the  "Wmihvich  and  Iteaditig"  series, 
consists  of  quartz  griiius  with  a  Calearcotia  cement.  This  is  an  un- 
usual circumstance  for  "Sarsden  Stone";  and  points  fo  the  former 
presence  of  Shells,  perhaps,  or  of  calciferous  waters,  in  that  portion 
of  the  Lower  Eocene  series.  A  somewhat  similar  qnartzose  sand- 
stone, but  wiih  sniallor  and  more  uniform  globules  held  together  by 
carbonate  of  lime,  (jccurs  in  the  Hastings  Sandstone  at  the  East  Cliff. 
Hastings;  and  nnnther  in  the  Triassic  series  of  Brunswick,  In  the 
concretionaiy  sandstime  from  Langley  Park,  the  lines  of  stratification 
are  cWrly  iip]iarent  here  and  there  on  the  weathered  sides  of  the 
globnlar,  botrynidal,  and  mniumillary  masses.  I'liese  do  not  show 
a  distinct  radiate  structure,  such  as  ir  more  or  less  visible  in  those 
from  Ilastinj^  and  llrnnswiek  ;  and  these,  again,  are  of  course  less 
radiate  within  than  the  far  more  purely  calcareous  concretions  of  the 
Wagnesian  Limestone  of  Lurliniu. 

11.  Bool-marked. — In  a  pvece  of  the  usual  hard  siliceous  quartzose 
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Saraden  Stone,  of  die  *-Bagshol**  aeritMk  from  the  gmxt^l  ntn^r 
Frimley,  SurreT.  I  find  renuurkablT  dear  indioationa  of  v^^rtiivi) 
rootletSy — that  ia,  namennia.  irregulmv  tubalar  cavuiea.  ainut'tiiutv* 
fnroate,  more  or  less  occapied  bj  oohreoas  m.ttter>  which  bi»aka  with 
a  kind  of  thready  strocfure.  and  learee  linear  impnv»aiona.  liko  tlumif^ 
of  woody  fibres.  Se^en  of  these  rottt-niarks.  |^a«sin^  tlmni^^ch  a  nlnb 
more  than  an  inch  thick,  are  exposed  in  a  fracture  six  iuohtvii  lon^ ; 
and  the  upper  and  lower  surfaces  of  the  slab  ar»  irrt^ularly  pitttnl 
by  having  been  weathered  and  vrom  at  and  around  the  ox|HMed  t«ihU 
of  the  tubes.  These  are  more  open  and  trum|>et-A)\aiHHl  on  imu^ 
Bur&oe  than  on  the  other,  towania  which  latter  is  direotiHl  iho 
oocasional  branching  of  the  rootlets. 

Similar  vertical  root-marks  are  found,  as  is  well  known,  in  otlu^r 
sandstones;  notably  in  those  of  the  Estuarine  noriiMt  in  tho  liowor 
Oolite  of  Yorkshire;  and  in  those  of  the  oiviMnMiriu^  natulMtou^ 
of  Hoganas  and  Helsingborg  in  South  Swodoii.  Siioh  rootlt>tK,  in  a 
carbonized  state,  are  seen  in  the  clay-seams  undorlyinp:  tho  li^i^nltoM 
of  the  "Bracklesbam  *'  Series*  in  Alum  Bay,  IhIo  of  Wight  VortiiHil 
root-marks,  but  usually  very  lonff  and  thiu,  art>  hIho  iimni  iu  the 
Hastings  Sandstone,  (deologist,  vol.  v.  1802,  p.  \%\i\,  H^i^,  U.) 

The  definite  disclosure  of  the  vertical  tubular  Uoot-nuirkN  on  \\w 
Sarsden  Stone  above  mentioned  tends  to  explain  tho  ouumt  of  mnnii 
of  the  varied  pittings  seen  on  many  woatht^rod  hltu^kN  of  \\\\h  Mww^  ; 
and  I  find  that,  on  fracture,  some  at  least  of  Huoh  woulhortnl  pittintfii 
are  succeeded  downwards  in  the  stono  by  obmMins  iliNooIoiiroii, 
vertical  lines,  which  are  probably  duoto  tlio  impurfoot  ntlnomllMallon 
of  the  contents  of  original  root-liolos. 

It  would  be  interesting  to  know  with  what  marine  or  niiitmi'lnn 
plants,  Zostera,  Potamogetonf  etc.,  such  vortical  root- mark n  In  tlnmci 
old  sandstones  and  clays  originated. 


YL — A  Chaptkb  in  tub  History  or  MRTROttiTNii. 

By  Waltmk  Flioiit,  D.Hc,  P.d.H., 

Of  the  Department  of  MiiK^rulof^y,  llriiUh  MuMmm. 

{jContinutd  front  pagi  000.) 

1886,  Jnne  OtlL^Kiiyahinja,  near  Vagy-BerMna,  TTnirhr^r, 

dnngary.* 

Shortly  after  this  remarkable  Mhow<frof  u\tsUMtf\iMtk  \\m\  iak<in  \i\tuw 
two  very  full  rep^jrts  on  the  fxy;urrmi(Mi  wi^rn  ilrnwn  up  by  von 
Haidinger.  It  is  conipuU;d  that  over  a  v<iry  limltiid  arna  iiioMf  llmfi 
a  thousand  stones,  weighing  in  all  from  H  Ut  IOi;wL,  ffiimt  Imvit 
fallen.     The  largest  found  is  now  pn^n^jrv^^l  in  tli<f  Smiua  i)',\U^n^ 

>  The;  Tttot-marVfA  HamUtn  HUm*t  Oitnts  pfo\mh\j  Itom  iUt  i'ltin-t  |}<»^«fi//i  t*.ittui 
a  rsther  hifirht^  »tAfr«  t\iMit  t)«iit  of  tUn  whiUr  *^^My^  utrt*-.  hWhiUA  Ut 

*  A.   Keunff/AU  '  Htlth^t.   Ak.    Wini.   Wn:n,  IV>'^,  In    *j/;j      /'/*//   Mmj  .  <V/^, 
xxxTu.  424- — J.  V,  H*^ilMy*it:iU ,     Kfitwurf  •ifi*^f  tt^iftuoutn^.u* u  'ihtoin.  tUt  ^>Utu. 
scbnopp«a.    1871.    HuKt;n ;  Snhtft^.    $'ii^*:*P',7-     K  H.  if*fU  H.U'n\t**tt9    4nhi*,tn 
JfitrUniaiytH,    i^Vl     ViJ     M^       JVMr   •Iv/    *H ,   ytm   Hk.*hu^^*f       fiiW^tf.    Ah      Wi^^. 
WittL,  liv.  2X10  «i*/i  Un,   -i'f.  lUjm,     M^miU0t^,  Ak.  /r«M  ' Jhfhn,  \»ui   'Mi%. 
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tiou;  it  weigliB  20:^-3  kilo);.  (5cwt.  Sqrs.  3  lbs.),  and  measures  2ft 
4  in.  loDg  imd  1 8  in,  broad,  and  penetrateJ  the  ground  to  a  depth  of 
lift  For  drawings  of  this  enonnous  block,  the  largest  mass  of 
meteoric  rock  preserved  in  any  oollectioD,  and  coloured  representa- 
tiuna  of  tbe  meteor  wbjcb  wan  observed  at  the  time  of  its  deecenti 
tbs  reader  is  referred  to  von  HBidinger'a  two  metnoirs. 

Eenngott  bas  publUlied  tbe  results  of  a  microscopic  inveBtigation 
of  tliin  sections  of  a  fragment  of  tbis  meleorit«,  illustrated  with 
eigbt  drawings  indicating  peuuliaritlea  of  structure.  To  tbe  naked 
eje  the  section  appears  to  be  finely  granular  and  of  a  grey  tint,  and 
even  witb  a  very  moderate  power  is  seen  to  present  spherulat 
structure,  recalling,  if  relative  size  be  left  out  of  oonsideration,  that 
of  the  globular  diorite  of  Corsica.  Tbe  opaque  ingredients  are 
nickel-iron,  troilitc,  and  a  black  substance;  in  addilion  to  these 
are  two  oryslalline  mineral  species,  tbe  one  colourless  and  trans- 
parent and  eomewbat  fissured,  the  olber  grey  and  translucent  and 
presenting  an  appenranoe  of  lamellar  slruoture :  botli  appear  in 
asgular  and  rounded  granules,  and  both  are  bi-refraclive ;  tlicy  are 
differently  afTecled  by  liydrocblorio  acid,  and  from  other  differences 
in  their  crystalline  characlers  it  may  be  inferred  that  tbe  grey 
silicitte  is  enstatite,  the  colourleES  silicate  is  peridot.  It  is  bnntly 
possible  to  give  tbs  reader  in  a  small  cotnpaes  &n  idea  of  Eenngott's 
detailed  desoriplion  of  the  various  puouleii  tho  grey  mineral  he 
observed  to  constitute  several  of  the  round  or  rounded  granules,  and 

silio'ktL's  hud  cryntiiUiKed  siiiiultaiieoui^ly ;  iti  uuo  instance  an  alter- 
natiuu  of  l!u'  Iwo  iiiincials  in  one  and  the  sume  granule,  .is  it  occurs 
in  globular  dii)rite,  is  icniarked,  the  interior  consisting  of  the 
grey  niliieral,  finely  Kliiatcd  and  surrounded  with  black  O|taqii0 
Eulislauco,  around  whidi  aj;ain  is  a  gninnlar  aggregation  of  the 
tvaiisjiarent  fissured  Kilicate,  locally  interspersed  with  particles  of 
the  black  opaque  subsiaiice  and  of  nickel-iron. 

Fiiigiiients  heated  iK'lore  the  blowpijic  become  covered  with  a 
black  enaniel,  while  the  grey  powder  of  the  meteorite,  wbeu 
moisiened  with  distilled  water,  reacts  di.stiiiotly,  sometinies  in- 
tensely, on  turmeric  iiaiier.  The  specific  gravity  of  this  stono  is 
3  515. 

Il  was  not  until  a  lapse  of  six  years  from  the  date  of  this  very 

abundant  aerolitic  tall  that  a  specimen  was  submitted  to  careful 

chemical   analysis.      Von  Baamhauer,  by  wbom   it  was  uiidertaken, 

fiuds  the  Knyidiiiiya  nietuoHte  to  have  the  following  composition; — 

Nickd-iroD     60 


=  793tV  Si 
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Hie  liTii  ■!«■,  wEs^temt^  It  iLe  ftcdon  of  *dd  and  sodium  carbonate. 

05'**^ff*  of: 

SdCi  jL./*,  rfZ'-  MrO  CaO  K.O  XiiO 

A.  ScMib J7-:€  MT  X-i4  *ir!*  ^44  VW  128  -  10000 

B.  Inm^imilk...  I>i^k*  ^-ia  ::'22  Iy-»S  3-»7  Ml  1*84  =  100*00 

The  aoloble  pordon  it  ::JiTEzie.  LtTing  ibe  oompofiition  (Mg  |  Fe  ^)| 
SiO^:  it  is  identical  vrh  iSicfcl  which,  according  to  Damours^s  analy- 
sia,  constitntes  the  nKQ&:^se  oi  CLasngnj  <  ISlo,  October  Sni),  ami 
oocnra  as  one  of  the  iz^zT^iients  of  so  many  meteorites.  In  tlio 
insoluble  portion  the  nxio  of  the  oxygen  of  the  silicic  aoid  to  that 
of  the  total  bases  is  2  :  1.  Yon  Baumhaner  points  to  a  resemblance 
between  these  ingr&iients  and  those  forming  the  insoluble  portion 
of  the  meteorites  of  Chantonnay,  Seres,  and  Biansko,  analysei!  by 
Berzelins,  as  well  as  that  of  the  Utzecht  stone,  which  he  himself 
examined.  He  considered  it  <  the  insoluble  part)  to  be  in  that  c^iso 
a  mixture  of  albite  and  angite ;  Bammelsberg,  on  the  other  hand, 
held  that  it  consisted  either  of  labradorite  and  hornblende,  or 
oligoclase  and  augite ;  a  considerable  proportion  may  be  bronzite. 

On  the  last  page  of  Bognslawski's  translation  of  Schiaparelli's 
Note  e  BiJUstioui  gvlla  ieoria  astronomica  dette  Sielle  cadenti  is  an 
interesting  mathematical  demonstration  that  the  meteorites  of  Knya- 
hinya  and  Pnltusk  (1868,  January  30th)  cannot  have  come  to  us 
from  the  same  part  of  space. 

1866,  December  6th. — Cangas  de  Onis»  Asturias,  Spain.* 

In  Meunier*s  interesting  paper  a  drawing  is  given  of  this  onrions 
stone,  which  he  selects  as  one  exhibiting  peculiarities  of  breociated 
structure  and  the  relation  of  meteoric  rocks  to  each  other  as  rogtmls 
stratification.  The  stone  contains  abundance  of  fragments  of  a  whito 
ingredient  enclosed  in  a  darker  material ;  the  white  portions  ho  Rnila 
to  be  identical  with  the  rock  forming  the  meteorite  of  Moiitrojoiui 
(1858,  December  9th),  while  the  duller  substance,  cementing  thom 
together,  is  the  same  as  that  constituting  the  stone  which  fell  at 
Adare,  in  Ireland  (1813,  September  10th).  He  terms  those  two 
rock  varieties :  montresite  and  limerickite.  Meunier  gives  Novonihor 
dOth  as  the  date  of  the  fall  of  this  meteorite. 

According  to  a  very  incomplete  notice  of  liuanoo's  paper,  which 
has  reached  me,  one  of  these  stones  weighs  11  kilog.,  an(l  tlin  chief 
constituents  appear  to  be  silicic  aoid,  magnesia,  and  liino,  with  l\H'H 
per  cent,  of  iron  and  1  per  cent,  of  nickel.  As,  howovor,  ihn  jiro- 
portion  of  iron  present  as  nickel-iron  and  as  protoxidu  is  not  Ntfit4)d, 
no  calculation  with  a  view  to  determining  its  proximate  oom]M>Hitiou 
can  be  attempted. 

Found  1866. --Sierra  de  Deesa,  near  Santiago,  Chili.' 

Meunier  has  studied  the  two  fragments  of  this  iron  pnmnrvml  In 
the  Paris  CJollection,  and  finds  it  to  possoHS  charuciorM  of  whinh  a 

>  With  traces  of  manganese  protoxide. 

*  8.  Meanier.    Les  Pierres  <jui  t4>ml>ent  dii  ('h\.     La  Naturr,  1H73,  I.  -loa.— 
J.  B.  Luanco.     Ann.  Soe.  Kipan.  Hitt.  Nat.^  iii.  jMrt  i. 
s  S.  Meanier.     CoBmoB^  lb69»  tii.  (t.  \)^  198,  ho'i^  670  and  <\U.    f^Kihw.  ▲%« 
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BUporficial  view  of  the  exterior  gives  no  indiration.  Il  a^ean  to 
resemble  an  ordinary  metooric  iron,  but  wbeu  sawn  through  it  is 
found  to  enclose  eiliceous  fragments,  block  in  colour,  markedly 
angular,  and  varying  in  size  from  a  few  millimetroa  to  two  centi- 
metres ;  in  these  in  aonie  cases  lie  embedded  graina  of  nickel-iron 
and  Bpherular  particles  of  troilite.  Troilite,  as  well  as  occasionally- 
little  pieces  of  scbreibersite,  are  also  observed  in  the  metallic  portion. 
According  to  Domeyko  thix  iron  coosiBts  of: 

NLckel-iron   M-BS 

6cbmb«i«te \-i% 


Meunier  fonnd  in  one  speoimen  1'7  per  cent,  of  silicate.  The 
;iliceoua  portion  is  distribtited  sparsely  and  so  irregularly  throughout 
he  luaas  that  it  is  impoasibte  to  judge  with  any  aoouracy  of  the 
lom  posit  ion  of  the  meteorite  en  hloc. 

A  portion  of  the  siliceous  ingredient  from  which  a  great  part  of    , 
;be  metal  had  been  detached  had  the  composition : 

Nickel-iron 12-63 

TroUita  (t) 6-01 

ChromiUt,  achreibenita  sod  gtaptiitc...    tnoM 


4I-SS 


i 


100  00 

Domeyko  found  tlie  nickel-iron  and  schreibereite  to  consist  of: 

Inin  =  SOSH;  Nii'kd  =     912  =  10000 

Iiiin  =  6500;  Niilscl  =  2e-30 ;  Phosplionis  =  8'70  =  100  00 
The  density  of  the  iron  =  7'51 ;  it  does  not  show  Widiunnnstattian 
figures  wlien  etched,  although  small  plates  enclosed  in  the  alloy  de- 
velojio  a  patt«m.     The  numbers  yielded  by  the  analysis  of  the  phos- 
phide correspond  with  the  formula  Fe,  Ni,  P. 

Mcunicr  adopted  u  novel  means  for  analysing  the  nickel-iron  :  be 
reduced  it  to  fine  particles  with  a  bard  tile,  and  fused  thcni  witb 
caustic  ix>taah  in  a  silver  crucible  ;  in  this  way  the  sulphur  and 
phosphorus  of  the  troilite  and  sclireibersite  arc  rendered  soluble  and 
removed  with  water.  To  ensure  a  ])erfcctly  pure  condition  of  tbe 
metal  it  is  treated  with  fuming  nitric  acid,  and  is  then  dried  and 
heuted  cautiously  in  a  current  of  air  ;  when  the  requisite  teniperatura 
is  re.iched  the  particles  change  colour,  those  acquiring  a  blue  tint 
are  kamneite,  I'c,,  Ni,  and  those  a  yellow  are  Hinito,  Fe,  Ni.  In  tlio 
case  of  tlie  Deesa  iron  nearly  all  the  particles  turned  blue,  a  yellow 
grain  being  observed  here  and  there.  Monnier  finds  the  composition 
of  the  nickel-iron,  irou  sulphide  and  Echreibcrsite  to  bo : 

I,   Imn  =  Bl-4;  Nicki-I  =  7-2     =  rtS-S. 
II.  Iron  nml  XickH  =  SH;  Sulphur  (cnlfdnlpd)  =  42     =  100. 
III.  Iran  =  GOOO ;  Nii-kd  =  BH'To ;   I'liaiphorus  =  1029      =  97-01. 
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L  agrees  with  Domeyko's  analysis  as  regards  the  iron ;  11.,  a  very 
imperfect  analysis,  accords  rather  with  the  formula  of  pyrrhotite 
than  troilite ;  and  III.  differs  considerably  from  the  numbers  corre- 
sponding with  the  accepted  formula  of  schreibersite. 
The  composition  of  the  portions  separated  with  acid  is : 

Si02     AljOs  FejOs    FeO     MgO     CaO     NaaO 

A.  SolubU    ...  4413    trace       —      13*52    42*35      —     trace    »  10000 

B.  IntolubU ...  49*98      5*46     0*98     16*79    23*31     3*48    trace   =  10000 

In  the  soluble  part  the  oxygen  ratios  are  approximately  those  of 
olivine,  in  the  insoluble  part  those  of  pyroxene.  While  the  pre- 
sence of  olivine  could  not  be  detected  in  the  mass  by  any  crystalline 
features,  in  the  insoluble  part  three  minerals  were  recognised.  The 
most  apparent  has  a  blackish-brown  colour,  lamellated  structure  and 
a  specific  gravity  =  3*35.    The  composition  was  found  to  be : 

Silicic  acid    51*61 

Alumina       7*36 

Iron  protoxide      24*54 

Ma^esia      16*05 

liiine   ...       ...     •••     ...     ...  o'oo 


103*24 


The  second  is  white  and  granular,  and  possesses  the  following 

oonstitution : 

Silicic  acid 55*76 

Magnesia  41*85 

liiuie     •••  ...     ..•     .■•     ...      0*09 


101*50 

and  closely  accords  in  composition  with  one  of  the  three  (HI.) 
varieties  of  enstatite  met  with  in  the  Busti  meteorite  (see  page  411). 
A  third  mineral,  to  which  Meunier  has  given  the  name  of  victorito, 
resembles  hypersthene,  occurs  in  colourless  and  transparent  crystals 
in  a  geode  of  5  mm.  diameter ;  they  form  six-sided  prisms  terminated 
with  four-sided  pjrramids.  Through  some  fragments  verv  small 
opaque  black  grains  are  disseminated,  with  here  and  there  the  cavi- 
ties and  rounded  enclosures  first  observed  by  Sorby.  The  prisms 
are  grouped  in  a  remarkable  way.  This  mineral,  which  is  present 
in  so  small  a  quantity  that  none  of  it  could  be  sacrificed  for  analysis, 
has  been  declared  by  Des  Cloiseaux  from  the  following  measure- 
ments to  be  enstatite : 

g*  m  s  134**  3*  to  134'  20'. 

g«  h»  =90*  40'. 

g'm  on  h*  =  46'. 

mh»  =  137**  20. 

mm'onh*  =  93' 0' to  93*  40'. 

h'm  (left)  =  136'  25' ;  and  135'  40'  (?). 

g»  m*  =  134'  0' ;  and  134'  40 . 

mm*  on  g»  =  88^  40'. 

Meunier  finds  this  meteorite  to  be  identical,  as  regards  composition, 
with  that  which  fell  at  Tadjera,  near  Setif,  Algiers  (1867,  June  9th), 
in  which  also  he  recognised  the  presence  of  this  variety  of  en>»tatite. 
(See  page  595.) 
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1967,  Jannary  18th.— Saonlod,  3  Kiles  N.  of  Ehettree.  8hflkt< 
wattie,  EajpntaEa,  India.  [Lat. 28" 9' 4ft'  N. ;  Long.  75° 51'  20  E.]> 

A  shower  of  stones,  numbering  about  forty,  fell  near  tlie  villftge 
of  Snonlod  on  tlifi  above  day,  al  9  a.m.  T1i6  morning  wag  briglit 
and  clear,  and  no  clouds  were  to  be  seen,  when  a  loud  report,  resem- 
hling  tbat  of  a  cannon,  was  board  over  an  nrea  many  miles  in  lengtb 
and  breadth,  and  was  sucoeodod  by  two  still  louder,  and  followed  in 

.  tnrn  by  "  a  regular  roll,  reaenibling  musketry  hisai'd  at  a  short  dis- 
taTioG."  The  terrified  inhabitants  of  the  village  where  the  atonet  fcU, 
Meing  in  them  the  iiistruraenta  of  -vengeanoe  of  an  oSTended  deity, 
set  about  gathering  all  they  could  find,  and,  having  [XJunded  them  to 
powder,  scattered  them  to  the  winds.  A  gentleman  connected  with 
the  Topographical  Survey,  who  happened  at  the  time  to  be  a  few 
miles  distont  from  Saonlod,  states  that  be  sent  all  the  sowars  attached 
to  hia  oamp  to  seoiir  the  country,  with  the  intention  of  procuring  at 
many  of  the  stones  ns  pORSible.  He  adds ;  "  I  was  vei-y  nearly  too 
late,  as,  between  theni  all,  they  only  matiHged  to  get  the  piece  I  seat, 
....  and  that  imiier  promise  of  a  large  reward."  According  lo 
the  description,  given  by  the  more  respectable  class  of  natives,  soLie 
of  the  meteorittis  were  of  the  sizo  of  a  24-pounder  shot,  and  bad  a 
blackish  appearanoe  on  the  outside;  they  fell  with  such  velocity 

,  that  they  sauk  two  or  three  feet  into  the  ground  in  a  sandy  soil. 
The  Btoue  has  a  nearly  black  oruit,  <»Ualar  on  the  Bnrfaos  and 
corrugnted   somewhat  lonptudinally,   and   is   about   one-lhird   of   a 

in  some  parts,  and  a  much  darker  grey  in  othere;  the  two  portions 
lie  side  by  side  like  two  strata  in  some  places,  while  in  others  a 
nodule  of  the  one  is  seen  to  be  enclosed  in  the  other.  The  freshly 
fractured  surface  is  studded  with  metallic  particles  of  nickel-iron, 
and  exhibits  translucent  graimles  of  a  greenish  yellow,  which  are 
pi'obnbly  olivine.  Siliceous  spherules,  as  well  as  cavities  once  occu- 
pied hy  them,  are  also  observed,  and  when  the  mineral  is  finely 
powdered  and  examined  underwater  with  a  lens,  the  lighter  portion 
of  the  stone  exhibits  a  considerable  quantity  of  nearly  white  crys- 
talline particles,  mixed  with  small  angular  fragments  of  black. 
brownish,  greenish  yellow,  and  opaque  minerals,  as  well  as  roiindeil 
particles  of  nickel-iron ;  the  dark-grey  i>ortion  has  very  much  the 
same  appenraiice. 

The  mcleorito  is  not  very  hard  ;  the  specific  gravity  of  some  small 
pieces  of  the  light-coloured  portion  was  5'748,  of  the  dark-coloured 
variety  3-612,  while  analysis  showed  it  to  cousi.st  of: 

Kickel-ir™ 18  66 

Troilite  mid  sell  re  Lb  e  raits    6-22 

Soluble  ailicnlfl 36-18 

Inioliibletilicate... .,      ...  42-36 

101-31 

Tlie  metallic  portion  contains  ; 

Iron  =  91-64;  Niokel  =  6-7U;  Ciibalt  =  1-16;  Chrommm  .^  0-62.    Total  =100  00 
'   D.    Wnldie.      Jom-.    Anal.    S.'.    B'l.gat,  \%(.'*,  -viimi.    252.— fif«rrfi   Gioi. 
Surrey  India,  1870,  ii.  101  -,  U"0,  ui.  \0. 
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The  solpbide  s&i  j-oi^f^^ie  are  mssamed  bj  tbe  author  to  con- 
sist of: 


Iroa  =  51-M:  Ssllj&xr  =  SSTl:  lai  L\^  =  1S*46;  Fliospbonu  •  2*29. 


He  T^itfids  the  irc-n  salp-hide  '*  ss  Fe;Sf.  troilite.'*  a  view  whioh  is 
hardly  tenable  in  face  of  tbe  fact  that  Dr.  L.  Smith  and  Rammels- 
bei^,  who  bsTe  aoalraed  tbe  nodules  of  the  mineral,  whioh  ooour  in 
the  meteorites  of  Kni-irille.  Seelisgen  and  Sevier  Co.,  Tennesaco, 
have  shown  it  to  be  a  monosulphide.  Again,  no  schreibersite  has 
yet  been  met  with  which  does  not  contain  a  very  conaiderablo  per- 
centage of  nickeL  the  whole  of  which  metal  the  author  takes  to  be 
present  in  the  metallic  ingredient. 

The  siliceous  portions  separated  by  treatment  with  acid  and  sodium 
carbonate  have  the  following  composition  : 

SiOs    AljO.CnO,    FeO    MirO    CaO    Stifi    X» 

A.  8oltMe      ...     30*50     117      —     2l-3o    3911     1*93    026      5-68  «   10000 

B.  Ituoluik  ...     57*67     3-22    095      8*62     23*70    400     1-84*     —     »   10000 

While  the  soluble  portion  appears  to  be  chiefly  olivine,  that  whioh 
resisted  the  action  of  acid  may  be  taken  to  be  bronzite,  together  with 
a  few  per  cent,  of  a  felspathic  ingredient,  possibly  labradorite. 

The  Ehettree  meteorite,  in  point  of  composition,  resembles  that 
which  fell  at  Klein- Wenden,  near  Nordhausen,  Prussia  (1843,  Sep- 
tember 16th). 

1867,  June  9th.— Ta^'era,  near  S^tif,  Provinoe  of  Constatine, 

Algiers.' 

A  meteor  was  seen  to  traverse  the  sky  over  this  district,  and  two 
stones,  weighing  6-76  and  1-70  kilog.,  fell  near  Sotif.  Tho  siliceous 
portion  of  the  stone  has  a  black  colour  which  distinguishes  it  from 
most  meteorites,  and  it  is  further  remarkable  for  the  absence  of  tho 
usual  fused  crust.  It  has  a  specific  gravity  of  3*595  and  the  follow- 
ing composition : 

Nickel-iron 8*82 

Troilite 8*04 

Chromite 0'20 

Soluble  silicate    5404 

Insoluble  silicate 28*80 


10000 
The  nickel-iron  consists  of: 

Iron  =  91*6;  Nickel  -  8*4.     Total  m  100-0. 

and  the  siliceous  portions  separated  with  acid  and  mxliinn  carlmnaie : 

SiO,    A1,0,  CfaOi    K«0      MrO     (JaO     Nn^O 

A.  Soluble       ...     46-24     0*»l      —      11*17     427H       —      irm-ti     -   10000 

B.  IftsolubU    ...     60-21     4-16     0-41     2700       80JJ     g-2I     iriuitt     -    100  00 

In  the  soluble  portion  the  silicic  acid  is  in  oxconn  of  Mint  r<M|iiin}d  Vt 

^  Constituents  remoTed  with  soflium  carlKmato,  but  iiii<hft<irniitifi(l. 

*  With  trace  of  potash. 

>  S.  Meunier.  Thj;fe  prfyanUse  k  la  Ksitult/-  Aw  Hi-'mui'm  lU  ruris,  iHf/J.  Ih- 
eherehcM  §ur  la  Comp*j»ilwn  et  lu  filruclurt  d$»  /!///////</#♦,  \'A.  (Jompl.  f^nU.^  IS'/ J, 
Uxii.  339.  Cvtmot,  March  28tb,  18^0,  7.  -.S<;4  als'/  0,  A.  U*inht^ti  Umptt 
1868,  IxfL  613.     Ci^mot,  March  21st,  1  ViH,  'lA. 
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form  olivine,  in  tbe  insoluble  part  of  that  required  to  form  bronzito; 
in  the  latter  cose  a  portioa  of  the  acid  is  probably  present  as  a  oon- 

stitueiit  of  a  felspar. 

1888,  February  29th.— Villtmova  di  Casale  Monferrato,  Province 
of  Aleataudria,  and  Hotta  dei  Conti,  FroviDce  of  Novara,  Italy.' 

Tbe  vilbigo  of  Villaiiova  lies  on  the  left  bank  of  tho  Po,  C  kilo- 
luetreB  N.E.  of  Caealc  Monferrato  and  2  kilometres  from  the  village 
Motta  dei  Conti.  Between  10-30  and  10-45  a.m.  (local  mean  time) 
on  the  29th  February,  the  sky  being  calm  but  cloudy  with  cirri, 
oiiTo-cumuli  and  cumuli,  a  loud  detonation  wan  heard  which  was 
noticed  in  many  villageB  and  towns  of  this  part  of  Fiediuont.  In 
Casale  tbe  noise  resembled  the  discharge  of  artillery  or  the  explosion 
of  a  mine ;  while  an  observer  stationed  near  the  confluence  of  the 
Sesia  and  the  Pn  states  that  he  heard  a  crackling  noise  like  the  dis- 
charge of  musketry  afar  off.  Near  Casteggio,  in  the  district  of 
Voghera,  Alessandria,  a  mass  was  observed  to  traverse  the  heavens 
with  great  rapidity,  leaving  a  black  track  resembling  smoke ;  and 
two  explosions  wore  heard  followed  by  a  prolonged  noise.  A  medical 
man  who  was  near  Sunto  Stefano  d'Aveto,  in  the  district  of  Chiavari, 
Qenoa,  saw  a  glol>e  of  fire  of  considerable  size  cross  the  sky  from 
M.W.  to  S.E.  at  the  same  time. 
^  One  meteorite  fell  about  600  metroB  S-E.  of  Villanora;  it  tmished 
through  the  hranclips  of  a  tree  and  entered  the  ground  a  few  paces 
distnnt  from  a  teri-ificd  peasant,  who,  believing  it  to  be  a  bomb,  fell 
on  his  face.  Tlie  vilUtgera  were  filled  with  alarm  at  tbe  occurrence, 
and  some  oxen  yoked  to  a  plough  near  Hoggia  Jlarcora  stood  still 
with  fear.  The  stone  penetrated  the  clnyey  soil  to  a  depth  of  0'4 
metre,  and  on  the  following  day  was  exhumed  by  a  boy,  while  tbe 
courageous  owner  of  the  field  sheltered  himself  securely  hard  by  and 
watched  the  o|>eralioii.' 

Tlie  Villaiiova  meteorite  has  somewhat  the  form  of  a  cube  and 
measures  U-OS  meiro  along  the  Hide  ;  it  weighs  1'92  kilog.  and  has  a 
specific  gravity  ^  '6'1'i.  It  is  covered  with  a  tbin  hard  brown  crust ; 
the  interior  has  a  mottled  grey  colour  and  a  fractured  appearance, 
and  is  very  friable.  The  matrix  is  stated  to  enclose  grains  of  an 
ochrey-yellow  hue,  others  much  larger  and  of  a  brown  colour 
(chromtle),  as  well  as  lustrous  metallic  particles,  tlie  remainder  con- 
sisting of  various  stony  ingredients,  some  consisting  of  microscopic 
crystals. 

'  A.  Qm'ran,  A  Brrtnlin,  A.  Zaniivtti,  anil  L.  Musso.  Sopra  gli  .\croliti  ciiduli 
U  giornn  W  frbhraiii  IKfit)  nel  territorio  di  VJIIanuvu  c  Mutta  dei  Conli,  Pirmonir, 
cimiDclorio  lU  Cmtnlc.  Cun  Intrndnzione  dvl  uiidrp  Dvnza.  18S8,  Torino.  Sve 
also  Bull,  mtttof.  dtW  Omrv.  dtl  It.  Coll.  OirU  AUcrti  in  MouUalieri,  Mnnh  In 
June,  It<G8.  -  F.  Di-nzB.  Canipl.  rend.,  186H,  Ixvii.  3'22.— G.  Jetyis.  I  Tnuri 
Sotterranci  <lr]r  ItuJin.     Tiirtv  PrimB.    1873,  Turinu:  I.(iFH'hFr.     VtigcUS. 

'  Tlie  trajpetoryof  tliinBtnne  cuuld  be  nppraiiiuiltplf  determined  sincothrci' points 
in  a  vortusl  pluno  were  determined  :  I)  the  point  wliere  it  )rru2«<i  the  toji  of  u  tree, 

Sthe  broken  end  of  llie  Iwugh  of  a  walnut  tree  severed  by  Ihe  meteorite,  nod  3) 
c  puinl  H-liire  it  enlertil  llw  ground.  Ctlier  pe.mnnlH,  hIio  were  empioveii  loppinj; 
^Ireea  nenr  tiiP  iiigh  r»ad  wtiitli  \enils  ttom  CusaXc  Vo  N  wtttti,  ut  a  point 'about  1200 
ires/ronj  Villunova,  observed  a  ma  ol  \iW».^i»ni-,  ™ooaii-««i«ut\.iBi<iM 
wicb  a  piece  of  considerable  sue. 
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Aooording  to  Bertolio  this  meteorite  oonsiBts  of : 
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••• 

*•• 

••• 
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••• 
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••• 
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••• 
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••• 
••• 

••• 
••• 

••• 
••• 

••• 
••• 

••  • 

traces 
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Phosphoric  acid ... 
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••• 

••• 
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••• 

••• 
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Chlorine       
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••• 

••• 

••• 

••• 

••• 
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••• 
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••• 

••• 
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Alumina      
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••• 

••• 

••• 

••• 

••• 
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Chromium  sesquioxide 
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••• 

••• 

••• 
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••• 
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Potash  and  soda 
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••• 

••• 

••• 

••• 

••• 

4161 

99-427 

A  second  stone,  weighing  6*311  kilog.,  fell  in  a  cornfield  near  tlio 
iiann  Holetta  at  a  spot  2350  metres  distant  from  the  first.  In  form 
it  somewhat  resembles  a  truncated  pyramid,  and  measuros  0*228 
metre  in  its  greatest  length  and  0*14  metre  in  its  greatest  bnvadth ; 
it  also  is  covered  with  a  thin  crust,  evidently  the  result  of  fusion. 
It  is  preserved  in ^. the  Natuml  History  Museum  of  the  University 
of  Turin.  The  authors  of  the  paper  above  alluded  to  consider  the 
two  Villanova  stones  to  be  distinct  meteorites,  and  not  fragineuts 
resulting  from  the  explosion  of  a  single  mass  during  its  passage 
through  our  atmosphere ;  their  opinion  is  shared  by  Douza. 

At  the  same  time  a  meteorite  fell  at  Motta  doi  Conti,  the  village 
already  referred  to.  It  struck  the  pavement  in  front  of  a  tavern 
with  great  violence,  driving  the  slab  0*5  cm.  into  the  ground,  and 
the  shattered  fragments  rebounded  over  the  roof  of  a  small  dwelling 
7  metres  high ;  their  united  weight  is  estimated  to  have  been  from 
300  to  500  grammes.  According  to  the  list  of  the  spooimons, 
quoted  by  Jervis  as  preserved  in  collections,  their  total  weight  does 
not  exceed  30  grammes.  Bertolio,  who  submitted  a  small  portion  of 
the  Motta  del  Conti  stone  to  examination,  declares  it  to  differ  both  in 
physical  characters  and  chemical  composition  from  the  Villanova 
meteorites;  the  disparity,  however,  is  not  difficult  to  account  for. 
He  finds  this  stone  to  be  more  magnetic  and  dense  (specific  gravity 
=  d'76)  than  the  others,  and  to  contain  no  lime  and  scarcely  a  trace 
of  alumina.  A  fragment  of  a  meteorite,  containing  nearly  one 
quarter  of  its  weight  of  nickel-iron  would,  during  the  rough  treat- 
ment to  which  this  stone  was  subjected,  lose  much  of  the  intorniitial 
rocky  matter  and  acquire  a  greater  density  in  conse<][uenco,  while  tho 
proportion  of  the  two  oxides  in  the  Villanova  is  in  any  case  so  small 
that  the  indications  they  may  give  in  a  qualitative  examination  of 
so  small  a  quantity  of  material  could  hardly  warrant  our  drawing 
a  conclusion  as  to  whether  or  no  it  had  a  common  origin  with,  or 
similar  constitution  to,  the  Villanova  stones.  All  tho  remaining 
ingredients  of  the  latter  are  likewise  found  in  tho  Motta  dei  Conti 
meteorite.  It  is  stated  that  a  fourth  stone  fell  further  north  in  the 
water  of  the  Roggia  Marcova,  in  the  parish  of  Caresana. 

Daubree  points  out  that  the  above  meteorites  do  not  essentially 
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differ  from  otbera  which  have  fallen  iii  Piedmont  during  the  Gnt 
half  of  the  present  century  at  Cereseto  (1840,  July  ITtli),  snd  at 
Guiliana  Veccbio  (1860,  February  2inl) ;  and  finds  (hem  very  similar 
in  ohavaclem  to  the  met^oritea  wbich  fell  at  Oviedo,  Sp^n  (ltio6. 
August  5th),  and  in  the  Oommuue  dee  Ormes,  Tonue,  Fmnoe 
(1857,  October  Ist). 

1S6B,  Harch  20th.— Daniel's  Knil,  N.N.E.  of  Griqoa  Town,  Oriqna 
Territory.  Sontb  Africa.' 

This  Dieteorite  fell  near  a  Grl<|ua  at  Daniel's  Kiiil,  who  pick&i  it 
tip  while  warm;  he  gave  it  lo  Captain  Nicolas  Wati.'rboer,  tho 
Griqua  Chief,  from  whom  Gregory  oblainud  it.  It  was  broken  into 
two  parts  when  it  reached  his  Imnda,  and  has  since  u)i fortunately 
been  divided  into  several  more ;  it  weighed  21b.  5oz.  Tbe  crust 
has  a  dull  block  colour;  immediately  below  it  for  a  tliickness  of 
about  Jth  of  an  inob  tlie  stone  lias  a  browner  colour  than  the  in- 
terior, tho  result  of  oxidation.  The  rock  baa  a  dark  grey  colour  and 
a  fine  granular  texture,  and  encloses  a  very  considerable  amount  of 
nickel-iron  in  a  finely  divided  condition,  as  well  as  particles  of 
troilite  and  sohreilwi-sila.  Tlio  rounded  grains  so  commonly  pre- 
sent in  meteoric  rock  are  not  seen. 

This  meteorite  has  been  examined  by  Church,  who  finds  it  to 
possess  the  specific  gravity  3-657  to  S-C78,  and  the  following  com- 
position : 


CurboD,  Oiygi'u,  otW  constituents,  and  loss     111 

100-00 
The  nickel-iron  contains  : 

Irou  =  94-72;  Kicltel  =  fi-18.         Total  =    10000. 

The  per-centngo  of  troilite  is  based  on  a  Bid])liur  determination  made 
in  a  si-parate  jiortion ;  tho  sclirciliersite  "  was  approximately  esti- 
mated by  calculating  its  amount  as  being  ten  limes  Ibat  of  tlie  uu- 
oxidised  phosphorus  in  thestone"— a  novel  method  wliich  can  bardjy 
be  considered  a  satisfactory  one.  The  rocky  portion  of  the  stone, 
constituting  nearly  two-thirds  of  the  mass,  does  not  appear  to  have 
l>een  submitted  to  tletailed  analysis,  althougb  we  are  told  that  the 
silicates  consist  chiefly  of  olivine  and  labradorite,  "  tho  former  s-pecies 
constituting  by  far  tlie  larger  portion  of  the  powder  unaffected  by 
dilute  acids."  Olivine,  as  is  well  known,  is  the  meteoric  silicate 
par  fxcellenre  which  is  liroken  u])  by  such  i-eagents,  being  easily  acted 
upon  even  by  dilute  bj'drocUloric  acid.  Church  does  not  state  wbetlier 
he  succeeded  in  detecting  the  pi-esence  of  alumina  in  tliis  meteorite, 
although  be  numbers  labradorite  amonp;  its  constituent  minerals: 
while  tho  occurrence  of  silica,  as  such,  in  a  meteorite  is  so  vorj'  rare, 
having  as  yet  been  isolated  and  submitted  to  analysis  in  one  instanee 

'  A.  JJ,  Church,      /our,  Chtm.  Sot,,  1863  \i\,  vii.  22.     Jour.  Frail.  Chim.,  1869, 
cri.  378.— See  also  J.  K.  Ot6gory,GEoi..Ui.'i.No\-N  .-^.f.'iV, 
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only  (seep.  651),  that  an  inyestigation  of  this  question  is  desirable. 
The  author  further  states  that  in  a  second  portion  of  the  same 
sample  he  found  the  silicates  to  amount  to  61*10  per  cent,  in 
another  fragment  to  48*99  per  cent. ;  while  in  yet  another  portion 
the  nickel -iron,  judging  from  the  per-oentage  of  nickel  it  contained, 
oonstituted  39*20  per  cent,  of  the  stone. 

Found  April,  1868.^Lo8ttown  (2^  miles  S.W.  of),  Cherokee  Co., 

Georgia.' 

Aocording  to  Shepard*s  first  notice,  this  block  of  iron  has  the  form 
of  a  human  foot  and  weighs  Gibs.  lOoz.  "  Widmannstuttian  figures 
Are  visible  directly  in  one  portion  of  the  surface  ;**  those  presented  by 
treatment  with  acid  are  stated  to  be  very  beautiful  and  to  most 
nearly  resemble  the  figures  of  the  Seneca  Lake  iron.  The  nickel, 
which  in  the  first  notice  is  stated  to  be  abundantly  present,  although 
the  development  of  the  figures  would  not  lead  one  to  expect  the  per- 
centage to  be  large,  proved  on  analysis  to  be  considerably  below  the 
average,  as  the  following  composition  shows : 

Iroii-c9o-759;  Nickel=3'660;  Insoluble  portion «0*6S0.    Totals99'999. 
The  insoluble  part  is  stated  to  consist  of  schreibersite  and  rhabdite ; 
tiaoes  of  cobalt,  chromium  magnesium,  and  tin  (?)  were  detected. 
The  specific  gravity  of  the  iron  is  7*52. 

1868,  July  11th.— Omans,  Doubt,  Franca.' 

This  meteorite  is  described  as  differing  in  appearance  from  any  of 

the  stones  which  have  fallen  in  Europe  during  recent  times.     It  has 

a  dull  grey  colour,  and  is  so  friable  that  it  can  be  crumbled  between 

the  fingers.     It  is  very  porous  ;  a  fragment  immerse^l  in  wat/;r  ab' 

Borbed  about  -^ih  of  its  weight  of  water  in  two  hours.     Particles 

of  iron  can  only  be  detected  here  and  there  with  a  lens,  and   the 

stone  is  feebly  magnetic.    The  specific  gravity  of  the  rock  is  3*699, 

and  it  oonsistB  of: 

Niekd-iroB  ...     ^     ISS 

Maipicftic  pyritci tfSl 

Cbromito      0-40 

Olirine 76*10 

InfolaU*  tificste U-M 


$r$r'42 

The  portioiis  of  sOicata  separated  by  the  treatment  with  add  were : 
8iOt    Alfit    F«0     5iO    MgO     CsO    K/i  sad  Xa/> 

s , > 

A.8olMt U'Zl    Zn    M76    SSS    U'Z7    1*74  ~  m  y/r^S 

B. /luWblik  ...40-41    S-V4     Ur$$      —      ZO  IS    « 29  S-eO  ^  Wf^ 

Pisani,  it  will  be  seen,  is  of  rj^Anvm  that  a  i/jrdoo.  of  the 
nickel  is  present  in  th«  form  of  oxul^  in  the  silic^t^  which 
gelatinises  wixh  scil.  lie  deV^rmin^  the  amount  of  ir^s,  present 
as  metal  by  m.easnni^  the  vol  n  me  of  Ljdrog';n  which  it  ^r-^lTed 


18SS,  iItt.  2S7. 
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during  its  solution  iu  acid.  In  calculating  tho  rcsnlta  of  hw 
aiinlyriis  he  considers  tho  Bulpliur  to  be  combined  with  a  portion 
of  this  iron  in  the  fona  of  magnetic  pyrites,  and  the  reniftinder 
of  tl>at  metal  to  be  alloyed  with  eoino  of  the  nickel,  the  excess 
of  the  nickel  above  that  rwiulred  to  form  tho  normal  alloy  being 
preaent  as  oxide.  As,  however,  it  has  not  been  shown  to  be  a  com- 
ponent of  tho  silicate,  and  recent  researches  (aee  page  31fi)  have 
failed  to  prove  that  it  fanns  a  oonstituent  of  meleoric  olivine,  it  may 
be  present  as  alloy.  If  we  exclnde  the  oxygen  of  this  nickel  oxide, 
the  ratio  of  the  oxygen  of  the  silicic  aoid  to  that  of  the  total  bases 
of  that  portion  is  13-35  :  13-43,  from  which  it  appears  that  the  chief 
constituent  of  the  Omans  meteorite  is  an  olivine  having  the 
formula  2  ({.  Mg  |^  Fe)  SiO^ 

Tschermak  fiuda  that  tho  dull  grey  colour  of  this  Btone  is  due,  at 
least  in  part,  to  tho  presence  of  carbonacoous  matter,  (Compare 
with  Goalpara  meteorite,  page  G05.) 


i. 


1868,  September  7th.~8aiigiUB-St.-Ktieiu)e,  Canton  de  Tardeti, 
ArrondiBseinent  Sanloon,  Basiet-PyrcneeB.' 

At  2-30  A.ar.  a  meteor  emitting  a  pale  green  light  traversed  the 
sky  over  Mauleon,  and  broke  up  leaving  a  faint  whitish  cloud  which 
lasted  for  some  time.  Its  disappearaiioe  was  succeeded  by  a  noise  as 
hSf  thunder,  followed  by  three  or  four  loud  detonationa,  which  were 
heard  over  an  area  80  kilometres  wide.  The  inhabitanta  of  Sauguis- 
St.-fitiennc  lieani,  in  addition  to  these  noisoa,  a  soimd  like  that  pro- 
duced by  quenching  hot  iron  iu  water,  and  a  dull  thud  caused  by 
the  meteorite  striking  the  ground.  It  fell  about  3U  metres  from  the 
church  in  the  bed  of  a  small  stream,  and  was  so  completely  shattered 
that  the  largest  fragments  did  not  measure  more  than  o  cm.  in  length; 
their  total  weight  is  about  2  kilog.  The  fall  was  witnessed  by  two 
men,  who,  returning  home  late,  had  continued  in  conversation  at  the 
door  of  one  of  their  dwellings.  Frightened  hy  the  hissing  noise. 
they  fell  on  the  ground,  and  saw  the  stuno  strike  the  earth  about 
20  metres  from  them. 

The  Sanguis  nietcorito  consists  chiefly  of  rocky  matter,  the  metallic 
grains  being  small  and  sparsely  distribnted ;  troilite  is  noticed  in 
uodulos,  some  of  which  are  10  mui.  across.  The  crust  is  dull  black 
and  possesses  the  umisnal  thickness  of  1  mm. ;  the  fine  black  veins 
observed  to  traverse  certain  meteoric  rocks  are  abundantly  present 
in  tills  stone.  A  microscopic  section  was  found  to  act  strongly  on 
polarised  light,  and  to  have  the  appearance  of  a  breccia  of  very 
small  transparent  and  colourless  particles. 

Dnubrce  finds  the  rock  composing  this  meteorite  to  be  identical 
in  all  respects  with  that  forming  the  stones  which  fell  at  Villanova 
di  Caaalo  in  Piedmont  (1808,  February  29tli)  [see  page  o  1)6]  ;  a 
practised  eye  examining  specimens  of  these  two  falls  would  fail  to 
distinguish  one  from  the  other, 

'  (;.  A.  Dauhrfe.  Compl.  rfnd.  1668,  Isvii.  873,-3.  Meanicr.  Tliise  pMwDl*,' 
i  h  J-'fliulte  lits  Scientes  de  Paiia,  18G9,  liechnchet  lur  la  Campoiiltan  t(  la  Slrut- 
tlre  Oil  Metiorila,  16. 
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Aooording  to  Meunier  this  stone  has  a  specific  gravity  =  3*369/ 

and  consists  of: 

NickeUiron 8*060 

Troilite       3*044 

Soluble  silicate 65*909 

Insoluble  silicate       23*671 


100  674  . 
The  nickel-iron  contains : 

Iron  =  93*88;  Nickel  6*12.    Total  «  100*00. 

and  the  portions  of  the  silicate  separated  by  treatment  with  acid  and 
Bodiom  carbonate : 

SiO,  AlaOa&FeaOaCraO,  FeO    MgO    CaO    KaO  Na,0 

A,  Solubls 46*66  —  —     306    60*68      —     0*61  trace  =  100*00 

B.  J«Mo/u^/^...  61*96  2*66  006    8*49    24*62    212    0*20    ~  =  100*00 

In  both  portions  the  silicic  acid  is  considerably  in  excess  of  that 
required  to  form  a  silicate  of  the  form  of  olivine  in  A,  and  of  a 
bronzite  in  B.  The  amount  of  iron  protoxide  in  the  portion  which 
gelatinised  with  acid  is  unusually  small. 

Meunier  refers  to  this  meteorite  in  his  description  of  the  stone 
which  fell  at  St.  Denis- Westrem,  near  Ghent  (1855,  June  7th). 
(See  p.  500.) 

1868,  October  17th.— Lodran,  Mooltan,  India.* 

This  meteorite  fell  at  2  p.m.  on  the  above  day,  the  descent  being 

accompanied  with  a  loud  explosion,  which  appeared  to  come  from 

the  east.    The  chondritic  structure  noticed  in  many  meteorites  was 

not  observed  in  this  stone,  but  enclosed  within  its  black  crust  was 

found  a  magma  of  siliceous  particles  of  so  coarse-grained  a  cha< 

racter  that  the  individual  granules  occasionally  measured  2  mm.  in 

diameter.     The  constituent  minerals  were  carefully  isolated  before 

analysis,  which  showed  the  stone  to  consist  of : 

Nickel-iron     „.  32*6 

Magnetic  pyrites ...      ..     7*4 

vfiivine     ...     ...     ...     ...     ...     ...     ...     ...  Zo'ir 

Bronzite,  with  some  chromite  and  anorthite .  31*2 

1000 
The  alloy,  an  important  ingredient,  which  developes  figures  re- 
sembling those  of  the  Senegal  iron,  forms  a  mesh- work  enclosing 
tiie  silicates,  the  crystals  of  olivine  not  unfrequently  leaving  a  com- 
plete impression  of  their  faces  in  it;  it  has  the  following  com- 
position : 

Ironns86*44;  Nickel  =  12*79;  Magnesia =0*26 ;  Besidue=0*81.    Total=99*29. 

Associated  with  the  substance  just  mentioned  and  occasionally  en- 
tangled in  the  silicates  were  fragments  of  magnetic  pyrites  :  they 
possess  no  crystalline  structure  and  dissolve  in  acid  with  deposition 
of  sulphur.     The  olivine  is  of  a  bluish  grey  to  Prussian  blue  colour, 

'  In  his  paper  on  the  Belgian  meteorite,  a  specific  gravity  =  3*43  is  giren. 
•  G.  Tschennak.    Silzber.  Ak.  JFisa.  JFien,  1870,  Ixi.  466.    Foffff.  Ann.,  cxl.  321. 
— J2#cor(£f  of  the  Geological  Survey  of  India^  toL  11.  part  1,  pa^Q  2.0, 
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■nd  occurs  in  uniisunlly  well -developed  oryetalfl,  which  have  \ 
^foiind  by  v<iii  Lncig  to  agree  in  all  respeols  with  the  olivine  from 
Ixtaalt;  the  fullowiDg  meafiurementB  were  made  : 
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40  il 
'  The  fieflures  of  tniiriy  of  the  cryBta]a  are  fill^  with  a  black 
I'mineral  of  a  dendritic  form;  this  is  assumed  to  be  chromite  aiid 
'is  believed  to  be  a  sncuDilary  fonuaLion.  TLib  silicate  has  the  apecifio 
igravity  3-307  and  the  following  composition  : 

Silicic  Boid   40-1* 

Chroniium  oiido 0*60 

Iron  prutuiida ...     IS'fiS 

MignuniB       48'0l 

100' 30 

These  titimherB  differ  otily  to  a  alight  extent  from  those  of  ui  olivine 
in  which  the  two  conii'Dunda  Mg,  SiO,  and  Fe,  SJO,  are  iu  the  ratio 
of  82  -.  18. 

Tlie  hrouzite  occurs  in  griiins  and  imperfect  crystals.  On  any  of 
-which  faces  of  more  Ihau  one  zone  are  riirely  recognisable.  On  one 
jvystal  von  Lang  determined  tho  following  angles :  ^ 

CilcaliMd.  ^B 

ItlO,  330        =        Abont  34*  BO'  2V  M' 

100,  110        =  45    6G  45    62 

100.  ■130        =  57     13  67       6 

too,  130        =        Almut  71     56  72       S 

white  a  second  gave  the  following  numbers  : 

110.010        =  44'  6'  44'  8' 

010,  110      =        About  44    0  44    8 

The  calcidatpd  niif;les  arc  based  on  observations  made  on  tlie 
hroii/ite  of  the  BrL-itei.lmch  Kidfi'olite  (see  piifjo  S40).  TLe  plane  of 
tljo  optic  axes  is  parallel  to  tlio  ^xme  [lUl,  010]  and  the  myan  lino 
perpeiidiuiiliir  to  010  has  a  ncftalive  oplicid  cliaracler.  The  spucilic 
gravity  of  this  mhicral  is  ^-313  and  tho  composition  : 

Silicic  noid   55-35 

Almniim       OOO 

Imii  |>rc>toiido      1213 

Miipnwia      32-85 


which  corresponds,  in  point  of  constitution,  with  a  bronaite  in  which 
the  isomorplious  compounds  Mg  SiO,  and  Fe  SiO,  are  present  iu  the 
ra1i<.  78  :  'J^. 

When  a  microscopic  section  of  this  mineral  is  examined  it  is  fotind 
to  enclose  three  subslaiices:  1)  colourless  cliondra  of  a  doubly  re- 
fracting mineral,  which  the  crossed  Nicols  show  to  be  twinned,  and 
which  is  proliably  a  felspar;  2)  small  roniid  black  particles,  usually 
i^iiig  in  groups,  aud  V)eVn;\ei  to  V«  ftUTOm\l6\  aad  3)  fine  hair-lik» 
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liodieSy  disposed  parallel  to  the  cleavage-planes ;  their  nature  could  not 
"be  determined.  The  plate  accompanying  Tschermak's  paper  furnishes 
drawings  of  all  these  substances. 

In  addition  to  the  octahedral  faces  (111)  Ton  Lang  observed  on 
the  cbromite  crystals  faces  of  the  rhombic  dodecahedron  (110)  and 
the  leucitoid  (311),  and  made  the  following  measurements : 

Calculated. 

•  ••     •         70    32 

•>•     ..•     •••         wl     £9 
08    29 

1868,  ITovember  27tL— Danville,  Alabama.    [Lat.  SI""  30^  IT. ; 

Long.  87^  V  W.] ' 

Daring  the  (American)  war,  writes  Dr.  Laurence  Smith,  artillery 
had  often  been  heard  in  the  valley  of  the  Tennessee,  and  various  specu- 
lations were  indulged  in  as  to  the  meaning  of  a  loud  report,  like 
that  of  a  cannon,  which  occurred  at  about  5  p.m.  on  the  day  above 
mentioned,  and  appeared  to  come  from  a  direction  northward  of 
Danville.  On  the  following  day  a  man  brought  to  that  town  a  piece 
of  rock  which,  he  said,  fell  near  him  and  some  labourers  who  were 
picking  cotton  at  a  place  3  miles  W.  of  Danville.  It  entered  the 
soil  to  a  depth  of  1^  to  2  feet,  and  when  exhumed  was  found  to 
weigh  about  4 J  lbs.  Several  stones  fell  in  the  neighbourhood ;  one 
near  some  negroes  at  work  in  a  cotton-field,  two  others  whizzed 
right  and  left  past  two  men  who  were  ploughing  a  field  about  1^ 
miles  N.W.  of  Danville. 

The  meteorite  which  reached  Dr.  Smith's  hands,  the  first  of  those 
mentioned,  has  the  usual  black  crust,  which  is  rough  and  dull,  and 
appears  in  some  parts  to  have  been  whipped  round,  as  it  were,  and 
rolled  over  the  border  on  to  the  unfused  surface  as  the  stone  tra- 
versed the  atmosphere. 

A  fresh  surface  has  a  dark  grey  colour,  and  is  less  chondritic  than 
is  the  case  with  many  meteorites,  and  there  are  veins  or  patches  of 
a  slate-coloured  mineral  running  across  it.  Iron  sulphide  and  nickel- 
iron  are  diffused  through  the  rock,  the  latter  more  especially  in  the 
slate-coloured  areas ;  and  there  are  occasional  white  patches  of  what 
is  probably  enstatite. 

The  meteorite  has  a  specific  gravity  of  3*398,  and  contains  3*092 
per  cent,  of  nickel-iron  consisting  of : 

Iront=S9'6i3;  Nickel  =  9050 ;  Cobalt = 0*621 ;  Fhosphonus 0*019;  Sulphiir= 

0*  1 06 ;  Copper,  trace.     Total = 99*208. 

and  the  iron  sulphide  contains : 

IronsSlll;  Sulphur =39*66.    Total » 100*67. 

If  the  excess  over  100  be  deducted  from  the  iron,  the  chief  con- 
stituent, these  numbers  correspond  very  closely  with  the  per-cent- 
ages  of  magnetic  pyrites  (pyrrhotite),  not  with  iron  protosulphide, 
as  stated  in  this  paper ;  troiiite,  the  presence  or  absence  of  which 

^  J.  L.  Smith.    Amer.  Jour.  Sc.^  1870,  xlix.  90. 
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wa8  not  estalilished,  is  of  course  the  monosulphids,     THie  rool^  poi^ 

tJoD  of  tLo  Danville  meteorite  oonBiets  of: 

Soluble  niliciite     , 60-88 

Insoluble  ailitate 3B'I)  t,   ^^ 

lOU-CO  ^^1 

and  has  the  following  composition  :  ^^H 

Siri,AItOjCr,0,  FoO  MnO  MgO  CaO  K,0  Nu,0  S       P  ■ 

A.  foMfc..  4S-00  1-73  trace  2364  trace  26  32  2S\  O-Si  0-51  101  tnoe  =  IO!'!6    ' 

B./we/MAtoeO-OB  4-11    —    1986    —    20-11  3-90    ——_-_=  gg-og 

In  the  soluble  portion  the  escess  over  100  is  due  to  some  of  the 
iron  regarded  as  oxide  being  present  in  combination  with  sulphur;    ' 
OuB  portioQ  is  chiefly  olivine,  that  insoluble  in  acid  is  bronzito  witii 
a  little  augite  or  felspar. 

The  author  finds  this  meteorite  to  be  similar  in  every  respect  to 
tlie  alone  which  fell  in  Harrison  Co.,  Indiana  {1859,  March  26th), 
which  in  many  entalogues  is  incorrectly  referred  to  Harrison  Co., 
Kentucky  (1859,  March  26th). 

1668,  Deoember  6th.— Franlifort,  Frankliti  Co.,  Alabanui.' 

The  fall  of  this  meteorite,  which  occurred  at  3  p.m.  on  the  above  day, 
was  attended  by  three  lond  reports,  immediately  suooeeded  hj  a,  aeriea    I 
of  sounds  like  that  of  a  great  fire  blazingand  crackling.    The  descent 

took  jihic-  fuur  rnilos  S.  of  Fmnkfort.  ii.iii  ivru'i  wil,ie,=s,?ii  l,_v  Mr. 
J.  W.  Hooper,  who  saw  the  stone  strike  some  willow  saplings  about 
70  or  80  yards  from  him  ;  on  going  to  the  spot,  be  found  it  nearly 
buried  in  the  ground  and  still  warm.  The  noise  of  the  explosion 
was  heard  20  or  25  miles  E.  and  W.  and  lo  or  20  X.  of  Frankfort. 
Mr.  Hooper  made  notes  of  the  occurrence,  and  sent  the  stone  for 
analytical  examiiialion.  "  He  refused  with  scorn  money  offers, 
which  must  have  Iwen  tempting  to  a  person  of  limited  income,  pre- 
ferring the  advancement  of  Bcionce  to  dollars  anil  cents." 

The  melcorite,  which  is  almost  entirely  covered  with  a  very  Itia- 
trous  Mack  crust,  so  Ihin  in  some  parts  tliat  fragments  of  olivine  can 
be  distinguished  through  it,  weighs  C15  grammes,  and  has  a  s]tecific 
gravity  of  3-31.  A  fractured  surlace  presents  a  pseado-por|>liyritic 
structure,  having  a  grey  ground  on  which  black,  giccn,  white  and 
dark  grey  spots  are  seen  :  the  black  frngmenla  are  very  lustrous  and 
slightly  magnetic  (chromite) ;  and  the  yellowish-green  mineral, 
passing  into  yellow  and  shailing  into  dork  grej-, appears  l^  be  olivine: 
while  the  greyer  variety  cannot,  acconiing  to  Urush,  be  disiingiiislied 
from  the  "  piJdingtonite  "  of  the  Shalka  stone,  now  shown  to  lie  no 
true  mineral  specii-s  (see  page  405).  Some  hrilliant  points  ]>osseesing 
melaUic  lustre  were  found  to  be  troilite ;  and  one  or  two  delicate 
black  veins  were  also  observed. 

The  niclvcl-irun  constitutes  only  a  few  hundredths  of  one  per  cent., 
the  chromite  0-62  per  cent.,  and  the  troilite  O-US  per  cent,  of  the 
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miiBfl ;  and  of  the  latter  about  26  per  oent.  is  soluble  in  acid.    An 
analysis  of  a  portion  of  the  stone  gave  the  following  results : 

Oxjfgen, 

Silicic  acid «.    ... 

Alumina     

Chromium  oxide 

Iron  protoxide 13-70        ...  3041 

Magnesia 17-59        ...  7*04  j 

Lime 703        ...  206  M2'28 

Potash        

^vUm       •••  mm*  •••  •••  ••• 

Sulphur     

9902 

Ab  the  greater  portion  of  the  lime  and  but  little  of  the  magnesia 
and  iron  protoxide  were  found  in  the  portion  soluble  in  acid,  it 
appears  probable  that  this  meteorite  will  be  found  after  the  more 
detailed  investigation,  which  Brush  contemplates  undertaking,  to 
consist  to  a  great  extent  of  anorthite,  olivine  and  bronzite.  He  is 
of  opinion  that  by  sacrificing  more  material  it  will  be  possible  to 
mechanically  separate  the  constituent  minerals  under  a  lens.  In 
general  physical  characters  it  closely  resembles  the  meteorite  of 
Petersbui^,  Lincoln  Co.,  Tennessee  (1855,  August  oth).^ 

Fonnd  1868.— Ooalpara,  Assam,  India.    ""Lat  26=  la  V.; 

Long.  W  WR.y     " 

This  meteorite,  the  date  of  the  fall  of  which  is  not  known,  wu 
first  described  by  von  Haidinger,  who  directed  at:en::on  :.>  ':Le 
pecnliarities  of  its  form  and  8urface  as  indicating  wi:L  grea:  cl^u-- 
ness  the  orientation  of  the  stone  in  respect  to  the  p^'.c.  of  rizi" 
throngfa  the  atmosphere;  he  remarked  among  iis  mir^erftl .-r: '^ 
duffscters  differences  fn>m  those  observed  in  all  otL-er  n*^ri:r::e«, 
and  described  it  as  an  oli vinous  rock,  of  coarse  grain,  ani  :f  %  v^tt 
dark  grey  hue.  Von  Haidinger  s  prel:Tnin%ry  notice  is  iV.-.'rTxr.^i 
with  two  beantiful  plates  showing  the  rerrj^rkable  forri  'A  :?.-i  »r  ,7.*. 

Tsehermak.  who  has  made  a  very  oortplete  inrtAZi^^'.'z.  -,:  •u^.'ji 
meteorite,  describes  the  exterior  as  hiiv:n;r  a  deep  ;rr^j!j»i-'':r-*arz: 
ooloar;  the  fused  crust  is  extremely  thin  ar*d  l^rl  *r.'i  L*  rrst-ir.T 
removed  in  flakes.  The  interior  Ijas  a  y»ri^'.jn*ift  itr^rt^r* :  Vr-e 
deep  grey  matrix  ericlo^ing  YvtA.Xr^ifArriTHfi  v-jIImt  ;rrfcfr.*^  -r'r.Vi 
have  a  nearly  uniform  \/nfifhh  of  1  rriia.  Thiwe  iz.r.'.iW:  par:..^!^ 
are  foimd  on  closer  inftjiectioT*  Xr,  lie  .f  r-wo  kir.U;  v.*  ,r.r;'*x:..-.{v 
ing  a  very  dis^itct  ol^v^jre.  'he  v.r.frr  j-'/r.e.  The  f..vr.  :.:  :.^,r\.  U 
iliombic.  Las  cIftaT*ge-r.L«r.e^  foT7.'.:r.;r  *r.  kcjrih  of  ^r:?\  •>  ;-.^r>bi 
npon  by  acid,  and  ;.*  v\fitA\T.^\  ».'•;'.  er.A^i';*e.  Tr..^.  aK^-^r.r.:  *->*c..*« 
is  also  inf5Ai^,!r.  :r*Li:ir.V*  to^;'..".  v,-  !.  %r.'I  :^  f-, -.v:  v,  '•.^.  -.  .  7  -.'■*. 

The  VrTj  f.r.e.T  ;r*.'--iAr  ri-.-irriz.  -v>. ::.-.  t  ^-ci.^  ■.-.>.-•  t  ,'.->?•. 
power,  is  *5eti  v.  v.t.aV.  pa.r:T  A  v/.*..  •/v'.*;,^.-^,--:  p.'ir;.v.^  -w/.x:. 
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appear  to  be  olivine,  partly  of  opaque  material  in  which  refieded 
light  reveals  the  presence  of  three  suhBtancea :  a  sponge-like  maas, 
the  thin  oell-walU  of  which  are  minute  cryetak,  some  cuhic  in 
form,  and  readily  identified  by  their  lustre  with  nickel -iron;  ii 
smoke-hrowu  pulverulent  lustreless  Bubetafice,  of  which  more  will 
I  be  aaid  below ;  and  diminutive  yellow  metallic  granulea,  which  aro 
I  probably  magnetic  pyrites.  Tha  relative  position  which  these  in- 
gredients occupy  in  Uie  maaa  of  the  rock  is  clearly  shown  in  the 
beautiful  mioroscopio  drawings  acconipauying  Tachermak's  paper. 
Wheu  a  fragment  of  the  meteorite  is  treated  with  acid  the  nickel- 
I  iron,  magnetic  pyrites,  and  oUvine  decwmpose,  and  at  the  outset 
a  little  sulphuretted  hydrogen  ia  disengaged;  soon  an  odour  ia 
remarked  like  that  attending  the  soliitiun  in  acid  of  iron  coutain- 
iiig  combined  carbon.  After  prolonged  action  the  reaidue  is 
atill  grey ;  on  diluting  the  solution  with  vi-ater,  however,  this  grey 
matter  rises  to  the  eurioce,  or  if  it  should  happen  to  adhere  to  the 
silica  can,  through  its  lower  specific  gravity,  bo  separated  by  elutria- 
tiou.  When  heated  on  platinum  foil  the  grey  subelauco  disappears  : 
it  jwasoBses  in  every  respect  the  properties  of  soot.  This  carbon- 
aceous matter  is  the  dark-coloured  lustreless  ingredient  of  the  matrix 
already  mentioned. 

The  Goalpara  stone  has  a  Bpecifio  gravity  =  3-444  and  ooosista  of: 

Hfckia-iron    '.    fl-M 

HTdrorarbon 


Muyuflic  pyrites    

loi-oy 
If  the  total  amount  of  silica,  determined  by  analysis,  bo  apportioned 
to  the  baseK  in  t!ie  soI\il>ie  and  insuluhle  portion,  it  is  found,  in  the 

t  the  olivine  contains  in  100  parts  : 

Silitic  iidd   3781 


mbers  show  the  mineral  to  bo  made  up  of  the  Hilicates 
iiul  Fe,  Sit),  in  the  ratio  of  3  ;  1.    The  insoluble  portion 


Tlie  enfilntite  is  remarkablo  for  the  small  per-cetitage  of  iron  oxide 
present;  it  may  ho  n  mixture  of  a  pure  niagnesiiin  enatatito  with  n 
little  of  (he  ferriferous  variety,  bronzite,  aud  is  possibly  associ.lled 
with  .1  small  ainoimt  of  augite. 

This  meteorite,  it  is  seen,  consists  for  the  most  part  of  olivine  mid 
onstatify,  an  assiiciation  of  minerals  previously  noticed  by  Tscbermak 
in  (he  stone  which  fell  at  Wdtaii  t^ace'ja.^ii  (JOl).     The  presence  of 


Ar.  Wma^  lifM—Ogtay  tif  Mitmmti».  ^7 


irmix^  *>SS  per  <«c&  of  ^  s««inK  «»i  «x>KMi$l- 
in^  of  0-72  enccfi  acrl  Krlt  kj<.h-?ice&.  <eeB0timQc«  br  &r  iln^  ittvNM 
ifti&iii^  fiettBTfr  of  s&Ss  sKttccha.  WMaoUi^c«rK>a«>N«»  ttie«svK^^iy» 
wkidi  fell  «  Kaxa.  AluiL  «cc^  kiTe  a  ^err  kxMi^  t^xtonaw  tbi^  G\\U« 
pan  stone  ezKibiss  gjnasL  ft:^i^fiBM& 

to  thai  mnal  be  »iied  tb^  namas  of  Ukk^  wbkb  f^U  at  K^muuAO 
(1824,  Janoarr  loch  .  Mei6-liidaiax  ilS^c^.  Sept  ilh\  Onuivi 
(1868,  Jalj  llth  f,  and  Zsadanj  (ISTo,  Itarcb  ;$lstV 

:i888:.— AiAm.  Maeoa  Go.,  AlakuMu' 

In  Octobor,  186S,  Prof.  DBurby,  of  tha  East  Alabama  C\>I1«^  ^Iri^w 
1^  a  leport  on  a  mas  of  meteoric  iron  wbich  bail  be<^n  |UoughiiK)  up 
"  many  jears  sinoe,^  in  the  D&niel  plantatiivn  near  Aubuitk  ll  >vh» 
a  nearly  round  mass,  weighing  about  S)b&:  it  ia  trnv^Hn^)  ^*ith 
anch  deep  ciacka  and  open  veins  that  it  would  not  b«  difSouU  to 
break  it  in  pieces;  on  one  side  a  "globule"  of  troilite»  half  an  iuoh 
in  diameter,  was  noticed.  When  etched  the  iron  oxhibita  a  lutvtth- 
work  of  exceedingly  thin  lines,  the  areas  within  the  lines  Inking 
Inatrous  when  viewed  in  a  certain  direction ;  the  former  apptvirauiH^ 
ia  ascribed  to  thin  plates  of  schreibensito,  the  latter  to  Motiona  of 
needles  of  rhabdite. 

The  metal  has  a  specific  gravity  of  7*05,  and  the  oimi posit  ion  : 

Iron  =  94-680;    Nick«l  =  3*015 ;    Phosphorus  x=  0129;    Iii«oluhle  imriiun  »  0  A'iH. 

Total  =  98-247. 

Besides  the  above  ingredients  the  prosonoo  of  inuletonuiiuul 
quantities  of  chromium,  calcium,  maguosiuin,  and  Hilioium  (V)  wuh 
recognised.  Shopard  states  that  "  neither  cobalt,  tin,  nor  ooi>por  whh 
detected  in  this  iron."  Commenting  on  this  Nt-iiti^mont  aiui  tho  oli- 
servations  of  other  investigators,  whore  the  fact  of  tlio  im^Houtnt  tit* 
cobalt  in  meteoric  iron  has  not  boon  actually  nHH)nftul,  Or.  L. 
Smith  says:'  ''I  cannot  but  suggest  tho  iiniiortiiuoo  of  nmking  a 
most  critical  examination  of  theso  irons  buforo  pnuiouiiuiiig  tit  In 
fJEU^t;  for  in  every  analysis  that  I  have  made  of  motnorin  IrouN  (ovur 
one  hundred  di£ferent  specimens)  with  this  in  view,  (M)balt  has  boon 
invariably  found,  along  with  a  minute  quantity  of  copper,*' 

[H.D.]— Collina  di  Brianza,  near  Villa,  Milan* 

It  is  stated  by  Chladni^  that  this  mass  of  miial  whs  found  Hhoui 
40  to  50  years  earlier  (which  would  l>o  about  iHiU-l'tl)  wU\l*t  <ifp:K''<K 
the  foundations  of  a  house,  and  that  it  wiin  iilao<)d  fri  iUtt  (lonvttui  of 
8.  Alessandro.  Guidotti,  Klaproth,  and  OiJtlon,  to  whom  frM^iiiMiln 
were  sent  for  analysis,  found  tu^ith<;r  nick<il,chrorniuin,  phonnhonjn,  nor 
carbon  in  it,  and  considered!  it  t/>  U^  yory  imn^  irotj  ;  tap  inniU'ii^fUt  whm 
it,  in  fact,  thatChladni  liail  a  tuning-fork  forg<'.d  i'ntm  it,    H|x»';iMfifnN 

»  C.  U.  ShPpwd.  jitner. /<mr,  Sf.,  \^/4,  tWn.  T40.  -L.  Hmith.  Jm*F  J^ur.  fit., 
1870,  xlix.  331. 

»  J.  L.  Smith-     lliiu>nJ'^v  wui  Ch4rttii«tnr,  %fn. 

»  IL  Hau^-h'iiw.     Jour.  I'',^ki.  Oum.,  Ujiv,  k^\\.  Z'lH. 

«  £.  F.  F.  ChlMlsL     I'tbtr  Feu«r'JMA)UiMf«,     VMrutM  :  UIV.    i'M^nWi. 
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of  this  mass,  whioh  weighed  originally  firora  200  to  300  Ibe.,  are  to 
be  met  with  in  most  oollootione ;  its  ooBmiciLl  orig^in,  however,  has 
Ijeen  regnnJed  bb  doubtful,  especially  since  Stromeyet  reported  thsl 
he  had  discoverod  the  prasenoe  of  carbon  in  the  motal.  It  has  re- 
cently been  submitted  by  Hauehofer  to  a  fresh  examination  with  the 
aid  of  the  more  ilelioate  analytical  mothiwis  of  the  present  day,  and 
he  finds  that  Iha  mosB  is  unqueetionably  meteoric  When  etched  it 
gives  Tory  distinct  Widmannstiittian  figures.  One  part  of  the  metal 
he  found  to  contain  95'3  per  cent,  of  iron,  while  the  composition  cf 
another  fragment  was : 
Iron  =  911;  Niikd  =  I'T i  Catult  =  0'2;  Photplianu  a  0-3;  Carbon,  trace. 
Total  =  98-3. 
He  states  the  specific  gravity  of  tlia  iron  to  be  7'59S,  a  number  very 
slightly  in  excess  of  that  given  by  Chladni.  Hausbofer  finds,  m 
Cbladni  long  since  remarked,  that  the  malleable  character  of  the 
metal  varies  considerably  i) 


Willi  this  I  conclude  Ihe  Second  Part  of  the  task  which  I  have  set 
myself,  that  of  preparing  a  oritioal  digest  of  Ihe  resulle,  published 
during  the  last  seven  years,  which  deal  with  queetions  relating  to 
our  knowledge  of  meteorites.  In  Fart  IL  the  readers  of  this 
Uaqazikk  hare. in  a  manner  a  enpplamenti  to  Part  I.,  oonoladed  oa 
page  264,  and  are  placed  en  rapport  with  all  that  has  appeared  dnring 
tlnise  ycivs  on  tlia  subjeot  n(  mek'oritos  which  have  fi.lloti  from  tbe 
earliest  times  down  to  the  picBent  moment.  The  remaining  iimtter 
now  in  course  of  prepiimtion,  which  treats  of  qiieslions  of  great 
importance,  nlthough  less  directly  ap^iealing  to  the  readers  of  the 
Geoijicical  Maoazine,  will,  together  with  coTisiderable  additions  to 
what  has  already  apiieared,  lie  incorjio rated  in  a  little  work  now 
passing  thnjiigb  the  press.  I  cannot  take  my  leave  of  the  readers  of 
the  Geolocical  Magazink  without  begging  my  friend  and  colleague, 
the  Editor,  to  permit  me  in  these  cohnnns  to  express  niy  vorj-  hearty 
tlianks  for  the  genemus  manner  in  wbich,  throughont  tin'  entire 
year,  he  has  no  liberally  grunttjd  me  space  for  this  "  Chapter  in  the 
Ilislury  of  Aleteoriles."  W.  F. 


On  a  Mass  of  THAVEiiTrNv;  oa  CAi.c,\nrous  Tuft  CALi.En  the 
Gi:KS  KocK,  SEAK  Bai.lycasti,k,  Co.  Mato,  Ikelasi>.  Hy  W^r. 
A.  TiuiLi-  H.A.I.  (Ma-ter  in  Engineering),  F.IE.CS.I,,  H.M. 
Geological  Survey  of  Ireland.' 

THE  author,  after  briefiy  describing  the  district,  which  consisted 
of  f'arbonii'crouB  sauilstoiies.  shales,  and  limestones,  inclined  at 
low  angles  E.  N.  E.,  referred  to  the  occurrence  of  stalnctitic  forma- 
tions and  dc]KiKit.s  of  oaiboniUe  of  lime  in  v.arioue  places;  but  espe- 
cially drew  iiEteiition  to  the  (!li^n  Hock,  distant  about  two  miles  from 
Bn/J_vcast 111,  on  the  eauttrn  fl.inks  of  the  valley  of  the  Ballinglen 

'   iJ.'iiJ  tn'furu  lllc  Uiit\s\iA6««vilnra,tt™\>j\,\%lb,\u%&o:\i.u<:.  Geology. 
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River,  and  which  forms  such  a  remarkable  feature  in  the  district 
This  rock  was  a  mass  of  Travertine  or  Calcareous  Tu£f,  approxi* 
mately  of  the  following  dimensions :  in  length,  N.  and  S.  310  ft ; 
£.  and  W.  285  ft. ;  and  in  thickness  varying  from  6  ft  to  about 
80  ft,  and  estimated  as  containing  over  2,100,000  cubic  feet 

This  tuff  varies  from  a  soft,  open,  porous  nature  to  a  hard,  ringing 
travertine.  It  is  in  part  stalactitic,  mammillated,  or  reniform,  and 
often  efSorescent)  but  mostly  an  intricate  network  of  the  casts  or 
incrusted  forms  of  various  vegetations,  brambles,  grasses,  mosses, 
ferns,  ivy,  etc.,  which,  on  being  coated  with  the  deposit  of  carbonate 
of  lime,  and  the  v^etable  matters  decomposing,  have  left  their  im< 
pressions  behind.  In  addition  to  these  are  also  incliided  the  bones  of 
some  small  animals  and  birds  and  the  shells  of  land  snails,  etc.,  in- 
stances occurring  of  their  being  thus  entombed  while  still  alive. 

The  origin  or  source  of  this  large  mass,  in  the  author's  opinion, 
was  due  solely  to  a  large  spring  or  Holy  Well  situated  a  little  above, 
on  the  slope  of  the  hill,  from  which  there  issues  a  copious  and  con- 
stant supply  of  water.  This  probably  passing  for  a  considerable 
distance  throi^  the  limestone  rocks,  and  becoming  thus  highly 
impregnated  with  lime,  and  prevented  from  flowing  in  a  regular 
channel,  overspread  the  rank  vegetation,  which  engendered  a  more 
rapid  evaporation  and  consequent  deposition  of  the  carbonate  of 
lime,  the  marly  soil  encouraging  the  more  rapid  growth  of  the 
mosses,  ferns,  weeds,  etc.,  each  in  succession  falling  a  prey  to  the 
covering  of  lime  as  it  was  deposited  upon  them,  and  thus  more 
rapidly  building  up  this  isolated  mass  of  calcareous  tuff. 

At  present  the  action  does  not  seem  to  be  going  on  as  actively  as 
at  former  times,  the  stream  being  more  confined  to  a  regular  channel, 
and  flowing  round  the  side  of  the  mass ;  but  even  still  the  ivy  roots 
and  stems  are  inclosed  in  stony  cases,  the  living  plant  growing  out 
therefrom.  Iiarge  quantities  are  annually  carried  away  for  spreading 
over  the  cultivated  lands  and  for  forming  ditches. 

Although  many  streams  in  a  limestone  country  have  a  tendency 
to  deposit  calcareous  matter,  in  few  localities  in  the  North  of  Ire- 
land does  there  exist  such  a  remarkable  and  isolated  mass  of  Tuffl 
The  age  of  this  rock  must  be  conwdered  of  very  late  origin  geo- 
logically, long  after  the  present  configuration  of  the  country 
had  been  formed,  and  though  probably  accumulating  somewhat 
even  to  the  present  time,  it  has  not  increased  in  thickness  for  the 
last  300  years,  as  foundations  of  that  age  exist  on  its  highest  part ; 
it  seems  rather  to  be  now  breaking  up  under  its  own  sui>erinciinibeiit 
weight  In  the  year  1831,  a  large  mass  becoming  detached  foil  and 
completely  crushed  a  cottage  which  was  built  adjacent  to  it,  killing 
four  people  within  it  at  the  time. 

In  addition  to  the  geological  interest,  there  was  an  historical  and 
local  interest  connected  with  it,  and  also  many  legendary  tales. 

In  one  portion  of  the  rock,  in  a  cave  partly  natural,  but  enlarged 
to  a  circular  form  of  about  22  feet  in  diameter,  for  upwards  of 
20  years  a  school  was  held,  with  an  attendance  of  60  children.  This 
school  was  supported  by  the  inhabitants  of  the  Glen,  but  was  dis- 


■  tgio  Sficifu-a — Ite!iqu><r  Aqin'linine.  ^^M 

coiifinuod  in  the  year  1915,  wlien  free  BchooU  were  ^rtablislied  in 
the  district.  Christopher  Purcell  was  Ihe  lust  teacher.  Tlie  roof  of 
the  cave  has  since  5iibsi<led.  and  thus  it  is  reduced  tu  its  prcMntatnall 
(litnensions.  Tradition  Blates  tliat  in  1570  a  holy  friar  with  a  ainftl! 
community  established  ihemselvesin  a  buildingwhioh  they  erected  on 
the  rock,  and  of  which  the  foiindatioua  are  still  dieceroible.  At  this 
time  the  holy  well  was  established  and  dedicated  to  the  superior  of 
the  community  as  patron  s.'unt,  under  the  Irish  name  of  Ni^ve  Kiiine 
(as  pronounced). 

The  waters  of  this  well  are  believed  to  have  healing  properties, 
and  for  sooie  cases  water  so  highly  impregnated  with  lime  would 
bo  very  l>en66oift!.  Over  the  well  was  a  small  structure,  inside  which 
over  the  outlet  for  the  water  was  a  carved  head  of  the  patron  saint ; 
this,  however,  has  been  lost,  and  a  rude  stone  and  timber  erectioo 
is  all  that  now  ex^ists. 


,  I.— EeLICS   or  THE  CaVB-Cm-KLLEBS   of   AQinTAKIl. 

I  (PLATE  XV.) 

I  TLTORE  than  fifty  years  have  passed  away  since  Dr.  Buckland,'  one 
m  IT  I  of  tfae  most  able  and  distiiiguislicd  of  cm:  early  geologists, 
Plflmnmenoed  tbe  explora^oa  and  refsord  of  the  organio  remuns  found 

in  and  beneath  the  lircrciaa  and  stalnprniifPB  of  ossiferous  caverns. 

Uut  although  the  Dean  was  well  aware  of  the  occurrence  of  stone 
iin]ili-meiit.i  of  uudoiihled  liumau  nuinitfHcturo  together  with  human 
hones  in  sevoml  of  these  deposits,  ho  was  led  to  conclude  that  they 
wt're  not  coeval  with  the  Mammoth  and  other  extinct  and  foreign 
animals  containeil  in  the  same  cave-canhK. 

Vet  even  at  that  early  })crioil,  other  able  and  competent  observers 
were  at  work  in  tho  same  field  of  inquiry,  who  did  not  share  the 
conoluNions  of  liuckland. 

Earliest  of  tlieso  was  Dr.  Fleming'  (afterwai-ds  Professor  of 
Natural  Philosophy  in  Now  College.  Edinburgh)  ;  and  the  Rev. 
J.  McEneiy '  (a  highly  intelligent  Kcman  Catholic  priest  at  Tor- 
(juay)  ;  subsequently  Dr.  Sohmerling'  of  Lii'^ge;  and  later  (in  1S41), 
M.  Boucher  do  Perthes,'  of  Abbeville,  and  Dr.  Itigolott,'  at  Amiens, 
carried  on  their  own  separate  lines  of  i-esearch,  which,  however,  did 
not  result  in  attracting  public  attention  until  after  ISilS,  when  the 
cxi)loration  of  the  lirixhani  cave  stimulated  scientific  men  to  take 

1  "  Aecnunt  of  nu  Asscmblnirr  of  Aiiimala  discovorfd  in  a  Chto  at  KirkAile,  York- 
fihirp,"  1821,  riiil.  Trims,  vol.  iiii.  p.  171  ;  Qmi  "  Jtdiquia  Dilmiana"   1826.  41". 

»  tilinl).  Pliil.  Joum.  vol.  liv.  p.  20.5. 

'  M.E.i(.rv9  MS,.  nritUii  in  WU.  was  not  pnl.Hslied  unlil  IMK,  bv  Mr.  Vivian, 
im.l  iiion-  fully  bj  Mr.  lVu;,-flly,  '■  Literature  ol  K.^ut's  Cavern,"  Devonshire  Assu- 

'  Iti'ehi'relii-H  sur  les  Osaemens  Fosi.  (Lins  les  Ciivetnes  de  la  I'rov.  dc  LiOgi',  ^^■. 
Atbi-.uiid  I'i'tio,  lH;i3.34. 

=  '■.■lnli,|iiit6a  (Vltiiinon,"   1«I7.  r.il.  !. 
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Smetm — Jtsliqum  JtgtdUmitm.  Bi  ^. 

aiKBiuIiBB  ID  iiie  baardeF-lme  of  JLnsfaskolo^. 

wxitm^  of  LfveH.  Pnesrwioli.  PklcionQr,  IfuKKtv^.  P<%fB|!t^]N.  Y^^PITTI^. 
lisrfcBt  BDd  CHrriBTT.  Bpyd-Ihiwknu:  and  ^knihrii.  T^upnnv.  iiT>r]  mnnt- 
cahets.  it  sBemed  bf  if  liif  snentific  mm  of  I'^^tvn*  Tintior)  hw\  oiilv 
bBBB  wahiiig  fiome  signal  lo  annoimoe  tben*  vairi^  <}vMy>vK^rH^  in  thn^ 
field  of  Prehistaric  AjBhrclQgT. 

TloB  *w«  fihiLnltaiieoiiBlT  beard  c(f  1^  dill^^xne(rr  of  anomt  vottl^- 
vwdIb  bnilt  iipan  jiOsb  in  "die  $w»ii  Lakes :  of  OranT>0f?Mi  in  th^ 
Ixiah  Bqgs;  of  Pest-moBses  widi  ah&ndant  TeH(«  in  Rnonr^  and 
StoDe  in  DBmnark :  of  sheH-niainids  and  T«fiie^->ie(i{^ :  of  Yiix^r- 
▼all^  gnrrek  wilih  £nt  implemciDts :  of  o»dit'TOi2»  oaverm^  and  rivV- 
shdten  in  many  cxNmtnes,  but  notably  in  England,  Pxitn<!«  and 


ncme  of  Ibeae  inTiHtigalkitDS  baa  a  1«rf^  abai«  of  oar^^l 
and  laborious  roBearcb  been  bestowied  than  that  vrhioh  th«  anthom 
of  tbe  BdiqwUt  Aqmitamkm^  have  devoted  to  the  ttiak  of  <^xplotinfi:  the 
OaTcs  of  tbe  Ycrere ;  but  of  its  two  antbors,  Henry  Christy  did  not 
liTB  to  see  the  issne  of  the  first  part,^  whilst  M.  Gdonaixl  Lartet*  dievl 
28th  Jannaiy,  1871,  affcer  the  completion  of  the  tentb  Parts 

Hie  task  of  carrying,  oat  the  intentions  of  Mr.  Henry  Christy  as 
regards  the  publication  of  the  results  of  his  explorations,  and  thone 
of  his  colleague  M.  Edouard  Lartet-,  has  l>oen  ably  and  g^nt^ri^nnly 
fulfilled  by  Mr.  Christy*s  brothers ;  the  direction  of  the  work  hnvitig 
been  entrusted  to  the  care  of  M.  Pengitilly  rHnridon*  Mr.  John 
Evans,  P.R.S.,  Pres.  Geol.  Soc.  Lond.,  Mr.  A.  W.  Pranks,  F.U.H., 
Dir.  S.A.,  Mr.  W.  Tipping,  P.S.A.,  and  Professor  T.  Kiiport  JotioH, 
P.B.S.,  F.O.S.,  the  last-named  gentleman  having  throughout  fulfilled 
the  duties  of  Editor. 

How  well  that  task  has  been  fulfilled,  and  how  carefittty  nnd 
diligently,  and  lovingly  too,  each  contributor  has  added  of  liin  nt^frn, 
and  how  all  this  has  been  built  in  and  cemented  together  by  ihf^  able 
Editor,  Prof.  Rupert  Jones,  let  the  580  pages  of  text  (with  tbnlr 
accompanying  87  plates  and  135  engravings  and  woodcuts)  wbinh 
complete  the  work,  testify. 

Monuments  have  been  erected  in  all  times,  of  wood,  of  olay,  of 
stone,  of  ivory,  iron,  silver,  and  gold,  but  wo  doubt  wbetlK^r  nuy 
monument  was  ever  before  reared  in  papttr  to  two  fellow- workers 

>  MdiquuB  Jquitaniea  ;  being  Contributions  Uf  ihft  ArtihrntAnin  nn(\  Vnlifnu^oUiff 
of  P^rigord  and  the  Adjotninff  PronncMi  of  Htmihpm  VrnwiP,  hy  Y/UtUHti\  tmtU'l  nttt\ 
Henry  Chrifltj.  Editea  bj  ThomM  Riip«Tt  Jonm,  K.Il.H.,  K,0  H^MU-.,  VrnU'**m  nl 
Geology,  Royal  Military  and  Staff  (UtWa^m,  HandhnrH.  (itrmySfU*  \f\  Ht'tHit^**n 
Parts,  comprising  pp.  530,  4to.  llliiiitrat«jfl  by  87  pUt^,  Z  mnpn,  HtH\  }/f2  wt,*Hl*tiU. 
London:  186.5-75.     H.  Bailli^e,  VuhUnhfiT. 

The  **^  RtOqui^  Aquitanun*'  has  \rtt^  alr^-ady  n'i*»/>d  in  tb*  Op/tt/tOtf  ai.  Ma/m- 
XEfsfor  1866,  pp.  76  and  462;  1867,  p.  321;  1868,  p.  2H2;  \W4,yp  24,  Til,  i^i^ , 
1870,  p.  174 ;    1873,  p.  &6, 

»  See  Obitaary  Sf/Uct  in  Osot.  Mao.  186//,  V'/l.  //.  p.  2JJ6.  Mf.  Il^tfy  t,hf',^ 
died  4th  May.  1^)6.5. 

*  See  Obrtnary  5fl<j«ie  by  ?f«i.  OerJ.  S^^.  in  iimtri  J^mrn  f>f/A.  ^^  ,  1871, 
ToL  zxviii.  Ana.  Addrcaa,  p.  xlr. 
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W  in  Bcienc© ;  yet  this  volume  will  probably  outlast  many  of  the  mora 
I  jpondBrous  and  barbaric  stniolores  of  ihe  paat,  and  prove  a  source  of 
ft.  knowledge  to  all  who  conault  its  pages. 

■  The  Caves  and  Rocik-Bhelters  conlaiaiQ^  the  Aquitanian  relics 
treated  of  in  this  work  are  excavated  in  clitTs  of  Cretaceous  Lima- 
■toDs  along  the  lower  portion  of  the  valley  of  the  \e%vre ;  indeed 
for  nearly  thirty  miles  they  form  both  on  the  Ve»ere  and  its  many 
tributaries  those  nearly  precipitous  escarpments  which  have  been 
in  all  agos  excavated  by  natural  agencies  and  tlie  hand  of  man  into 
galleries,  recesses,  and  caverns.  These  ossiferous  caves  (whether 
or  not  enlarged  artificially)  have  been  hollowed  out  orijrinally  by 
ftlmospheric  agency,  the  softer  bands  of  limestone  having  been  more 
readily  acted  upon  by  frost  and  otter  agencies  than  the  harder  bods. 

The  uppermost  of  these  limestones  is  characterized  by  the  presence 
of  Rudisti's  {SphiTTviites,  litidiolite-g.  JTij/ji'iritta).  The  second  zone 
is  a  Polyzoau  LimeKtone  with  shells,  Kcliinodemis,  and  the  claws  of 
ft  Crustaocnn  {Callianatta)  like  that  of  tlie  Rlaestricht  beds. 

The  flint  occurs  as  a  chert  band  often  containing  Pohjioa,  Orbttoidei. 
and  even  fish-loetU  (O/odud). 

The  Caves  described  are  those  of  Los  Eyeiee,  La  Madolaine,  Gor^ 
d'Eufer,  Cro-Magnon,  Le  Moustier,  besides  numerous  rock-sholterB 
•t  Laugerie  Haute,  and  Laugerie  Basse,  etc  . 

Although  coming  within  the  age  of  simply-woiked  atone,  without 
tiie  aocompanimont  of  domeatia  animals,  these  oaves  are  by  no 
lueana  on  a  nnifurm  level  as  regards  the  products  ofLmnnn  industry. 

Ill  only  three  sliilious  (iiauR-ly,  Lefi  Evzies,  Liuifjt'rio  Basse,  and 
La  Mndelaino)  have  figures  of  animals  engrave<l  or  sculptured  on 
stone,  on  bont',  or  t>n  ivindeer-horu,  Ijeen  met  with.  At  Laugerie 
ITautc  Innee-lieads  of  flint  were  found  in  abundance,  whilst  arrow- 
heads or  h.irpc  Hill- 1  lends  of  reindeer-born  were  almost  entirely  absent, 
altlmufjli  iileutirul  nt  Lauf^cric  Hasse  aud  at  La  Madulaine. 

The  (';Lve  of  Hlouslier  has  yielded  even  more  rude  and  primitive 
fliut-iveitpdus  tliiin  nuy,  but  not  a  hiiigto  worked  bone  or  engriivod  or 
BOiilpturt-d  (ifjuru  of  any  auiinnl.  Kevcrtheless  the  fnuna  of  the 
several  stations  nppcars  to  be  almost  tiie  same. 

If  we  eliniiuiUe  from  the  fojlowiny  list  the  names  of  cerlain 
'anim-ils  (which  in  those  oaves  are  ro|ire8ented  by  single  fraL:ciuuiit!' 
of  lione  or  a  tuulh)  such  as  the  Mannnuth.  the  Cave-lion,  the  Uya>na, 
and  the  great  Cavc-Ii-nr,  we  have  seven  stations,  of  perhaps  various 
ages,  but  all  in  the  lieiudoer  aud  Wild-horse  I'uriod.  lliese  animals. 
as  in  the  Cave  of  ItruuiijutI,  on  the  Aveyron,  wero  evidently  the 
priuci]>nl  obji-cis  of  tlie  chase,  and  their  remains  make  np  by  fnr  tlie 
lart^cr  iMilk  of  tht!  ossfous  fragments  left  iu  tlie  cave-dwellings. 

It  is  rfiisuiiidile  lo  iisstimo  tiiat  Ihe  lleindi'er  wont  North  in  sum- 
mer, find  at  that  seiison  probnbly  herds  of  ■\Vild-hi.rsoB  took  ihfir 
pliice.  retiring  further  South  than  tiie  Heindeer  in  winter. 

The  Musk-ox  {Ot'ihon  moaehiifng)  was  proltably  al.so  a  winter  visit- 
ant ;  at  nuy  r.ito  two  portraits  have  been  foimd  of  it,  curved  on  bone 
liarpooiis  (one  from  Eruniquei,  and  one  from  Kesslerlocb,  near 
IVjiirVeii-  Canton  Seh;>ff\>-Avisen,  m  %V\\7.^vUud1  ;  and  its  bones 
ave  also  been  found  iu  Ivio  cavca  o^  fti«^i;7.«e. 


JReview9 — ReHquim  AquUamem* 


618 


Tbe  following  is  a  list  of  the  yarious  animals  whose  remains  have 
been  met  with  in  the  seven  stations  explored  by  Messrs.  Lartet  and 
Christy : — 


•  »•••  ••*  ••••••••••*•  —  w»»»  ••••••• 


Mm  muaculutf  Owen 

Arvieolaj  sp 

Spermophilusj  sp. 

erythrogenoidet,  Falc. 


••»••••«••■•••••»••' 


M ••••••»•••••••• 


Zfpua  timidi*8f  Linn. 

eunieuluiy  Linn 

Elepfuu  primigeniusy  Blum. 

Equu$  eaballu8f  Linn 

Su*  terofOf  Linn 

Biion  prueutj  Bojanus, 

^K^v^vv  D &/••••■••••••  •»•••••••••••••  •••■••••••••••••I 

Ovibos  fnotehatus,  Pallas, 

Capra  ibeXf  Linn 

Antihpe  rupicaprOj. 

sa'iffay  Pallas, 


•■••«•••••••••••■•••••••• 


Cenmt  ilaphusy  Linn 

taranduty  Linn.  ... 

'  tnegaceroty  Owen, 

Fdii  tpelcMy  Goldf - 

Hyana  speicea,  Goldf 

Qtnis  htputy  Linn. 

vulpety  Briss. 


Guh  luseusy  Linn.     (An  engraving  on 

bone.) „ 

Unus  tpelcKuty  Blnm 

Number  of  Human  remains  discovered 
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No  labour  or  expense  has  been  spared  in  bringing  together  in  aid 
of  the  elucidation  of  the  Prehistorio  Archeology  of  Aquitaiiia,  not 
only  all  points  relating  to  the  manners,  customs  and  implemonts  of 
modem  savages,  but  also  all  objects  from  other  caves  likely  to  aid 
these  researches. 

Mr.  Lloyd's  notes  on  the  Reindeer  of  Newfoundland,  contained  in 
the  last  part  of  the  '' Heliquise,*'  are  most  valuable  as  throwing 
great  light  on  the  habits  of  this  ancient  and  widely-distributed 
Northern  type. 

We  repix)duce  from  page  279  of  the  **Beliquta  Aquitanicai"  (by 
permission)  in  our  Plate  the  incised  figure  of  a  Reindeer,  cut  on  a 
piece  of  Reindeer  antler,  from  the  Ecsslerloch,  a  Cave,  or  Rock- 
shelter  near  Thaingen,  Canton  of  Scha£fhausen,  Switzerland. 

This  is  probably  one  of  the  best  examples  of  incinod  outline 
figures  on  bone  metwith  in  any  cave,  and  well  deserves  careful 
study.     (See  Plate  XV.) 

The  one-holed  Baton,  Pogamagan,  or  Arrow-straighlener  (broken), 
which  bears  this  remarkable  engraving,  is  figured  in  the  "  MittheiL 
Antiq.  Gesellsch.  Zurich,"  vol.  xix.  Heft  1,  1875,  pi.  8,  fig.  68, 
among  the  many  interesting  illustrations  of  Hiesit  Ki^ht^A.  l&w' ' 
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loeinoir,  "The  Cave-flni!  in  tbe  Kesalerlooli,"  etc.     We  are  glad  to 

be  able  to  announce  lliat  Mr.  Jolm  E.  Lee,  F.S.A.,  P.G.S..  is  oboot 
to  re-publiflh  this  Swiss  work  as  an  English  book  with  all  Ihe  piat«a. 
EXPLANATION   OF   PL.ATE   XT. 
Incised  outline  of  B  lUindecr  on  a  piece  of  the  round  thnft  of  n  Reiadiur  antler 
from  tlie  Eenlcrlneli  Care  or  Kock-tbeltfr  ncac  TlmiiigeD,  Caoton  o{  Scb>9- 
haaesn  (natural  (i/e)  ■ 
The  Bnrface  of  the  cjliudricai  aod  engraved  piwe  of  nittler  ii  here  sbaVB  u  if 
eiteodcd  open ; — 
~  A,  A,  the  side  witli  Iho  fi|>iire  of  tlie  Keindeer  ; 
B,  B,  Ihe  other  nde  bearing  inei»cd  mntl»,  probably  repreMntiag'  herbage  and 

0,  a,  mark  a  line  between  the  two  aidn  of  tlie  engraved  antler. 

H. — Manual  of  Natuiial  History,  Geoloot,  and  Pdvbics;  akd 

iNSTBrCTIONS  FOR  THE  AeCTIO  EXPBDITION,  1876.      8vo.  pp.  8(5 
and  783,     (Loudon  ;  Eyre  &  Spottiswoode.)     First  Noticb. 

FEW  fiolda  of  geographical  discovery,  indeed  few  branches  of 
ecientifio  research,  have  either  excited  such  abiding  interest  or 
faad  such  an  ancient  and  continuous  history  as  that  of  Arctic  Ex- 
peditions. 

The  difificnltiee  that  lie  in  the  way  of  explorers  in  the  more  northern 

seas,  and  the  ignorance  which  necessarily  exists  as  to  tlie  geographical 

[■  BQd  meteorologicnl  pbenoroena  of  tbe  anknown  area  surrounding  the 

North  Pole,  have  been  incentives  to  other  nations  besides  our  own  to 

Folve  the  mysteries  of  tlie  Arctic  Hegiotifi. 

The  voyrifje  of  the  Polaris,  under  Captain  Hall,  an 
Gfnaanifi  in  18(il)~70,  under  Koldewey,  were  both  t 
the  spirit  of  arctic  discovery  was  by  no  means  dead ; 
expedition  of  Sir  Leojiold  McClintock  in  the  Fox,  in 
missing  crews  of  Franklin's  ships  in  1857-9,  no  ini 
has  been  made  under  the  nuspiees  of  the  English  Govci 
make  one  more  attempt  to  ])onetrate  Ihe  unknown  lands,  nnd  set  at 
rest,  if  posMhle,  the  eagev  s]iint  of  scientific  inquiry  which  lies  at 
the  foundation  of  such  researches. 

The  discoveries  of  the  Polaris  and  Germania,  however,  scorn  to 
have  aroused  anew  the  desire  of  the  English  nation  not  to  be  behind- 
hand in  the  great  work.  At  tho  close  of  1874  the  Government 
decided  to  take  ibe  matter  in  hand,       i  b>  't    ]  f  1        istauce 

enable  an  expedition  to  bo  dcspntched      111      1 1  f  t    careful 

and  complete  preparation,  depart  on  it  1      I  tt       uspices 

and  with  greater  chance  of  success  tl  h  d  f  11  n  t  tl  1  t  of  any 
previous  squadron, 

Tho  Alert  and  Discovery  were  the  f  pi  1  an  1  prepared, 
strengthened  and  fitted  with  every  n    1  m     p]  I  11    could 

either  lessen  the  difficulties  or  lead  t     t!  f  tl       1  jcct  in 

view,  jio(  merely  the  planting  of  the  B    tit!  tl  tl    rn  axis 

of  the  cnt-th,  but  to  increase  tho  kn  wl  if,  f  tl  II  j  I  Geo- 
graphy of  (bo  Arctic  regions,  and  add  tb  f  ,  t  tl  ientific 
knowledge  of  the  world. 

Jieceut  voyages  had  \eii  to  ftm  coniiitiVMft  \.to,t  the  ijath  offering  tbe 
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gieateet  chances  of  success  in  the  effort  to  reach  the  PoU  was  by 
^le  long,  narrow,  area  of  water  which  bounds  the  Western  Coast  of 
Oreenland,  known  as  Smith's  Sound. 

The  President  and  Council  of  the  Eoyal  Society  were  informed 
by  a  letter  from  the  Secretary  of  the  Admiralty,  dated  4th  Dec. 
1874,  that  it  was  their  Lordships'  intention  to  despatch  an  expedi- 
tion, in  the  spring  of  1875,  to  endeavour  to  reach  the  North  Pole, 
and  to  explore  the  coast  of  Greenland  and  adjacent  lands,  and  were 
invited  to  offer  any  suggestions  which  "might  appear  to  them 
desirable  in  regard  to  carrying  out  the  scientific  conduct  of  the 
voyage."  The  result  of  this  appeal  is  the  volume  of  some  800 
pages  to  which  we  purpose  calling  attention. 

It  is  divided  into  two  separate  and  distinct  sections :  (1)  Instruc- 
tions for  future  Observations,  compiled  under  the  direction  of  a 
Committee  of  the  Boyal  Society;  and  (2)  A  Manual  of  Scientific 
Besults  already  obtained  in  previous  Arctic  Expeditions,  edited  by 
Professor  T.  Biipert  Jones,  F.E.S.  (who  himself  prepared  the  part 
relating  to  Zoology,  Botany,  Geology,  and  Mineralogy),  and  assisted 
by  Professor  W.  G.  Adams,  F.E.S.,  who  compiled  &e  part  relating 
to  Physics. 

Both  sections  are  prepared  with  exceeding  care ;  and  the  second 
part,  or  "  Manual,"  contains  the  most  complete  and  perfect  coUectioii 
of  the  most  important  information  extant  on  the  scientific  researches 
in  the  Arctic  Seas. 

The  first  section,  which  is  further  subdivided  into  two  parts,  deals 
first  with  Astronomy,  Terrestrial  Magnetism,  Meteorology,  Atmo- 
spheric Electricity,  Optics,  etc.,  and  secondly  with  Zoology,  Botany, 
Geology,  and  Mineralogy;  but  it  must  be  understood  that  this 
section  of  the  book  is  designed  solely  to  point  out  what  information 
is  required,  and  also  the  best  means  of  obtaining  it  Thus  the  early 
sections  refer  chiefly  to  the  methods  of  obtaining  local  mean  time 
and  so  on  from  eclipses,  the  necessity  for  repeated  and  accurate 
tidal  observations,  as  well  as  the  detection  of  the  cosmical  dust 
found  frequently  in  the  snow  of  northern  regions,  and  which,  being 
composed  of  iron  and  nickel,  points  to  a  meteoric  or  non-terrestrial 
origin. 

The  declination,  inclination,  and  intensity  of  the  earth's  terrestrial 
magnetism,  whereby  the  ''knowledge  of  the  distribution  of  the 
magnetic  force  over  the  earth's  surface "  may  be  determined,  may 
lead  to  valuable  results,  contributing  towards  the  perfection  of  our 
knowledge  of  terrestrial  magnetism.  The  instruments  requisite 
for  these  determinations,  as  well  as  the  order  in  which  observations 
should  be  made,  are  hence  referred  to,  and  the  importance  of  this 
subject,  as  dealing  with  compass  variations  and  the  consequent 
security  of  iron  shipping,  needs  no  comment. 

In  fact,  the  whole  of  the  first  section  deals  rather  with  suggestions 
than  with  known  facts,  and  details  the  manipulation  of  instruments 
for  Meteorological  and  Atmospheric,  Electrical  as  well  as  Optical 
and  Spectroscopic  observations,  providing  also  technical  maps  bear- 
ing on  some  of  the  subjects. 
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Under  the  head  of  SJJicetlaueouB  Obserrations  lire  sotue  valimUs 
L  remarks  nnd  suggestions  by  Dr.  Rue  and  ProfesBor  Tyndall.     Th« 
[  foriuer  deals  with  the  Baliuity  of  ico,  and  the  kinds  which  are  motA 
r  nserul   as   a   ticiurce   of    wnter-supply  for  drinking   parpoaes,  and 
points    out  IhAt  it  is  posaible  to  procure    "almost  always"  good 
I  drinking  tralor  from   "  wasted  old  ice,"  which  must  not  be  oon* 
founded  with  "  rotten  ioo,"  as  the  latter  ie  spongy,  comparatively 
thiB,  saline,  and  unsafe  to  travel  on,  while  the  fonuer  breaks  into 
detached  floes  when  quite  thick  and  solid.     This  rotten  ice  Is  worn 
away  whilst  in  iiiu  by  sea-ourrenta  aoting   on   its  under  surface; 
while  the  upper,  owing  to  the  low  temperature  of  the  air,  b  not 
»ffeoled ;  hut  it  was  suggested  by  Dr.  B.  Brown  that  this  alteration 
may  further  he  due  to  the  accumulation  of  Diatomacese  below  the 
■urface,  wliioh  would  tend  to  incroasc  the  local  hc^t  and  be  there- 
fore perhaps  another  cause  of  the  phenomenon  to  which  Dr.  Roe 
'    refers.     Be  the  cause  what  it  may,  the  fact  itself  is  of  considerable 
imimrtanoe  when  the  water-supply  in  an  ioe-bound  region  fails,  and 
,    Iho  determination  of  that  kind  of  ice  whence  good  water  could  he 
I    obtained  is  not  merely  interesting,  but  might  lie  of  considerable 

Utility  to  those  vessels  which  frequent  the  Northern  seas. 
I  Professor  Tyndall's  remarks,  suggested  by  his  own  laborious  re- 
f  eeBTcbes,  call  especial  attention  to  the  formntion  of  snow  crystals  and 
k  Hke  rapidity  of  uie  oonduotJon  of  hnt  through  ios,  and  the  aotion  of 
ttie  groat  Arctio  glaciers.  It  is  still  a  disputed  point  whether  ths 
iwhi-i-ss  .■in-  fi.rnicd  hy  (ho  upliftiiij,-  .ictiou  i>f  the  writor  ^vlion  lh>! 
ice  mass  pmiccts  into  tlie  sea,  in  whicli  Ciiso  the  surface  being  in  a 
state  of  longitudinal  cumprcssion,  and  therefore  dovoid  of  ciwasses, 
or  by  the  gr.ivity  of  the  overhanging  end,  when  snch  fissures  imiBt 
iiatnr.illy  lie  formed.  Some  siif^ostive  remarks  on  the  nictliod  of 
determining  the  range  of  sound  conclude  the  [laper,  to  "liicli  Pnif 
Tyndall  has  appended  copies  of  his  valuable  pajiors  on  tiic  "  Phyj^ical 
Proiierties  of  Ice,"  the  "  Atmosphere  as  a  Vehicle  of  Sound.''  and 
"Foims  of  Wilier,"  which  will  doubtless  furnish  many  important 
hints  to  those  who  acconqnnv  the  Expodilion. 

Pnrt  II  (f  the  fiist  Section  of  the  book  is  devoted  to  Biology 
(/o  I"„y  ml  Lotmjt  nnd  Gcdogv  an!  Mineralogy.  The  fust 
prrtion  IS  inul\  toi  ^uid  ince  lu  colLctmg  the  Mammalia,  Birds, 
Fishes  Ciii'-ticea  Mollusca  Polyi'Oi  Hydroids,  etc. ;  mid  for 
the  detenu  mat  km  of  the  more  imjmrtant  varieties  careful  lucid 
dcBcriptioiis  are  gi\en  while  the  canons  points  of  iiilerest  about 
A\hich  our  knowleilgo  is  still  imperfect  are  fully  noted.  'J'lie  com- 
pleteness of  this  SLctuin  as  a  guide  to  perhaps  in  some  instances, 
inexporiinced  colkctors  is  ^ely  uoliceibte;  and  its  value  is  en- 
hanced by  a  bnof  but  jiei  iiiient  paper  b\  Professor  IJiixley,  calling 
parliciiiar  allttiinn  to  Microscopic  colkclions  oF  vaiinus  kiiuls,  bnt 
jiarticularly  those  which  could  Icid  to  a  conipaiisim  between  the 
microscopic  Fiuna  and  Flora  of  the  surfacc-walcvs  of  the  sea  and 
those  of  the  sea  bottom  to  be  obtained  bj  dredging  from  the  same 
local  it  ils 
'£he  botanical  Bection  V15  Dv   3   lioitoii  Hooker,  consists  of  but 
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mmd  piimurvjx^  i^  ±pweim:  pUcia&  smiani^  >i<<)K>in&  Mi4  f^it^.  Mt 

— (■uTiini  of  die  £cpA£xi{m  frr  ^suikii^  AKRMX(MiiNM»  ^mvi  tW  )^^>ll^(^^ 

^vancMB  sorte.  soak  w  xmittnd.  <9^m^  xn&i)^  tWKii{v  |¥M^  Wm^^  ^^6w, 
biciv  teen  pn*T33ed  for  iHKJk  expmiMait». 

Tlie  -^lusaraaikmS'^  <^a»  widi  «mki^  nciNBily  |MI|{M  <^  fi^>r4W«^l. 

rgfaiiiEg  to  jnccaoil  w»)s  in  $iM>k>^«  YAit^n^V>|;^«  ^\    ^1v^ 

of  liie  vahie  sd3  impoitMK^  d  xh\n  mh^\\i\\%i\\^  \sX  iW 
inttoAootarx  nuUter.  Tli^  imttrocCkmi^  «n4  $^(US$:«Mtthvi)«  \vxmU\I  Iv^ 
vaefiil  to  any  one.  and  ccmpriaft  not  UMiy^  a  Im  t\f  thi^  txH>)«  A\\^) 
8to<^  rMjniPod  for  oolkcting  and  prH>MTin|c^  \^^t  i^^vvl  nkn^h^UtHi  ^\f 
tndincd,  ocmtoited,  and  otli«r  stnOai^  conf^m^^Ui^  ;i\u(  UA\\M\t\Mi^^i^l\|!|k 
■taitificalkwL,  and  the  Hk^  It  is  unn«<«»gMry  f\N  v'ni^U  AU1^l\t<^^u  hx 
these  suggestions  in  detail,  as  they  Mt^  iimu^i\>n<i  4^n\i  h>iii«s  i^i^^l  ^\ 
nuike  an  abstract  of  them  would  be  im|H>^iM<^  S|y^^tAl  AMi^i\<t\\^\ 
18,  howeTer,  called  to  the  want  of  inibmrntion  ^\n  fW  lV^Ul(\^  l\^uu«^^ 
similar  to  that  of  Cook's  Inlet  diaooveriHl  bv  Mt^^Hnf^vk  tw  U^^  f^O"", 
and  the  Liassic  £uina  fbimd  both  by  Sir  Kdward  IWlobnr  hi^xI  \\m^ 
Swedish  Expedition  in  7d^  SC,  and  alin>  whotht^r  h  ivwp^  K\vhy\\\- 
iferoos  flora  ocoars  in  any  oontinontal  Und  or  Miiiuli  tvn^i^^bH^g 
that  foand  in  Bear  Island.  Tlio  examination  mHiUvgiiMiU;^'  wt  tim 
northern  realms  has  hitherto  lH>on  so  \ory  (mrtml  nud  tiuh>iu|\l0tv»i 
that  a  connected  geological  history  is  nt  pitHioui  iiu|H>MtUI«\  All 
that  is  really  known  is  that  a  Miocene  flora  ImM  b00U  tHillt^ol^il  nf, 
Atanekerdlnk  and  other  places  on  the  Wnifi^f^ti  ni  l>tmH>.  ntul  HpilA^ 
bergen,  and  that  many  great  shoots  of  luiiialtio  lava  ovorllo  iltn  rnokn 
containing  the  Miocene  plants  in  nianv  ptmHtN.  Am  (litt  Minmitm 
igneoas  rocks  of  the  Faroes  and  inner  itenrifloM  ocvinr  Iti  intuOi  Mm 
same  way,  and  the  true  dctonninaiion  of  tltn  poHilioit  of  mltnihit'  1I0. 
posits  would  not  only  throw  "  nuioh  light  on  thn  olmng^  of  lOifimf^i 
but  also  on  the  sulneot  of  a  great,  ooniinnntal  nxtpniiirth  of  Jntiil 
daring  the  Miocene  Epoch  into  far  norilmrti  rngldtiM*  nn  n\\^i^t»n\t*(\  hf 
Dr.  Robert  Brown." 

There  is  an  interesting  subject  for  rniinamli,  ton,  Iti  iliA  i*)mrnt^\tit 
of  the  Greenland  glaciers,  namely,  thai  itin  utMlnrlyln^  ttmUn  ntn  Moi 
grooved  or  striated  (as  far  as  we  at  trmsmil  know).  Ilk  19  Him  rook  a 
which   have  been  acte<l  n]K;n   by  old    or  nifMlMni   u;hwU^tn  )h  flm 
Alps  and  elsewhere,     litis  apparently  nr\nf^n  frotri  IImi  ttwi  iUtd  Mi#* 
whole  of  Greenland  has  lH9en  oritir<}|y  ryivfinul  by  l\m  |(W»l«4r  h***,  mi 
that  no  moraine  matter  from  expoHird  ollfTs  nr  \u*uUn  ^oiil/f  ^f»i  \m 
tween  the  ice-sheet  and  the  wio'jrlying  r'K'ks,  «n<l  rt^f  nn  nuthiiin  tttr 
scoring  or  scratching  the  nnrfsu'A)  nvt'.r  whi';h  flM»y  w#»r«  WfVMi  itii'\ifr 
great  pn^ssure.      Jt  is  ass^frt/rd,  fher#?f//r«,  fhwit  th/i  tnt^Un  nth  "  hst^- 
polisherl  or  * mrrfUf/nnAe'  but  n/»f  itrt^tt^t^A  tftmrnUiht^A  /'  t%ui\  ]i  mmtUX 
be  ioMtmrrtir^  Xft  hare  ^/^.tirate  data  tm  Shtn  \^nu^,  n*t  tm  h,  )nefii|^ 
oar  knowJ^Ige  ftf  the  a/,'ti#/f»  of  uW^m-'wA  nwUit  fh^i  f^^iH^^if^^ 
amditioDM  thiu  obtain  in  Oreenliui^C 
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The  opening  ohnpter  or  chapters  of  tlie  Arctic  InatractionB  and 
Vanual  may  tlierefore  be  suniined  up  as  a  code  of  excellent  rules  for 
the  guidance  of  the  saientific  observers  of  the  Alert  and  Diteawry. 
They  would  certainly  be  most  iiaeful  U>  tlioee  who,  while  fully  con- 
versant with  one  piirticular  hrauoh  of  science,  may  not  have  pre- 
VLonsly  hod  th^  desire  or  opportunity  of  paying  more  than  «  passing 
attention  to  other  hninohes.  They  would  bring  definitely  before 
Buoh  on  observer  what  to  look  for,  and  what  to  do  when  he  hod 
found  the  object  of  his  search. 

As  such  thoy  are  usofnl  and  iateresting  U>  others  besides  the  able 
observers  of  the  Arctic  Expedition.  C.  C-  " 
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in. — Sri.PinrEBTB  ;  what  tbkt  abk,  how  coscbntratud,  now 
ASSATTBD,  AND  HOW  woRKBD.  By  W.  Barstow,  M.D.  (San 
Francisco,  A.  Roman  &  Co. ;  London,  Triibner  &  Co.) 

THIS  little  book  is  chiefly  intended-  for  the  Californian  miner,  and 
its  abject  ie  lo  present  to  the  reader,  in  a  simple  and  coaciae 
form,  the  nature  and  treatment  of  the  Sulphides  of  the  metals,  so 
f  aa  to  save  him,  to  some  extent,  the  ticaUe  of  wading  throu^  a 
aeriea  of  espensive  works  in  whioh  the  subject-matter  is  more  fully 

grrnip  of  mineral  compoumls;  those  whicii  occur  most  aliuntianlij 
in  nature  are  the  sulphides  of  antimony,  mercury,  silver,  zinc,  ieiid, 
copper,  and  iron.  Tliose  of  the  iatter  are  of  most  fi-equent  occur- 
rence, and  are  tlie  source  of  some  of  the  gold.  Most  gold-bearing 
i-ocks  ore  coloured  by  the  oxyd  of  iron,  and  that  oxyd  is  often 
plainly  derived  froni  decomposed  pyrites,  wliich  is  found  very 
generally  associated  witii  gold,  although  not  chemically  combined 
with  it.  However,  gold  is  often  found  in  rock  which  not  only 
contains  no  pyriles,  but  is  also  perfectly  free  from  discolouration. 

The  cliaraoters  of  the  chief  sulphides  are  vcrj-  briefly  described, 
too  brief  indeed  to  give  their  distinguisliing  characters.  The  second 
part  gives  a  vei'y  concise  account  of  assayiug  the  sulphides,  and 
also  gold  and  silver,  by  the  dry  and  wet  methods.  The  third  part 
describes  tlio  various  processes  and  nmehinea  for  separating  the 
richer  portions  of  tlio  pulverised  ore  and  otlier  matters  not  desirable 
to  work,  nnd  termed  coacenlratiou;  and  the  fourth  part  contains  the 
diiferent  methods  for  the  reduction  of  the  sulphides,  by  which  the 
metals  they  contain  are  extracted.  The  last  part  is  devoted  to  a 
brief  account  of  the  diflercut  ores  when  assayed  by  means  of  the 
blowpipe,  nnd  their  reactions  with  the  various  reagL'uta  to  which 
thoy  are  sulimiltcd.  It  seems  to  have  been  the  author's  wish  to 
make  tliie  an  introductory  guide  to  the  more  oitensivo  and  elaborate 
works  on  the  same  subject.  J.  M. 
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ly. — Gmn  TO  THv  Gcologt  of  Loxdox  a>cd  the  KuGHIIOV«HvH>IV 
By  "WiixiAM  Whitakxr.  BJL.  F.G.S-  Svo.  pp.  72.  ^i5ts>.lv^vvil 
Surrey  of  England^and  Wales,  London,  1ST^^.^ 

r[S  little  work  is  intended  as  an  explanation  of  the  GeoK>«nvxil 
Soryev  Hap  of  London  and  its  environs,  which  was  notiiV\l  iu 
the  Geological  Magazrss  for  May  last,  page  281 :  and  al^^  of  iho 
Geological  Model  of  London  constructed  under  Mr.  Whitnkor^s 
superintendence  (noticed  in  the  Magazink  for  1S78,  VoL  X. 
page  513),  and  now  exhibited  in  the  Survey  Museum. 

The  work  is  confined  to  a  general  account  of  the  geolo^-.  as 
details  have  either  been  already  published  in  Mr.  Whitakor's  Itir^^ 
memoir  on  the  Geology  of  the  London  Basin,  or  will  l^  givoiu  !!k> 
he  states,  in  a  future  memoir  on  the  drifts  of  that  area. 

The  lithological  features  of  the  various  formations  aro  do^i^rilnHl : 
the  leading  fossils  are  mentioned;  while  the  range,  foaturt's,  and 
scenery,  are  also  briefly  noticed;  and  lists  of  soot  ions  an^  givon. 
The  work  is  written  very  concisely  and  systematically,  and  fn^n  tho 
number  of  interesting  facts  contained  in  it,  it  forms  tho  l><^t  m\\\ 
most  useful  summary  of  London  geology  that  has  Ih^u  publinluHU 
It  is  probably  the  cheapest  geological  survey  memoir  for  its  siko  — 
the  price  being  one  shilling  I — H.  B.  W. 


Y. — PbINOIPES    DE   Gi:0L0GIE   TrANSFORMISTB,    ApPLIOATION    1>K    I.A 
THiORIB  DB  l'EvOLUTION  A  LA  G^OLOGIB.    Par  GUSTAVB  IVoM.ntM, 

8vo.  pp.  178.     (Paris :  Librairie  F.  Savy.) 

AS  may  be  seen  from  the  title  of  this  work,  tho  endoavour  of  tho 
author  is,  to  extend  the  theory  of  evolution,  hithorto  ooiillnod 
to  organic  life  silone,  and  to  apply  it  to  stratigmphioal  gt^ology. 

This  is  not  the  first  time  that  an  attempt  has  boon  nuido  to  draw  a 
parallel  between  the  organic  and  inorganic  world,  nor  is  it  in  any 
way  more  successful  than  other  such  previous  oflbrts. 

M.  Dollfus  commences  by  stating  the  opinions  of,  and  quoting 
from  the  most  eminent  geologists,  past  and  prosont,  with  nmjtoot  to 
the  fixity  or  non-fixity  of  species. 

In  the  second  part,  he  briefly  reviews  each  gooh)gioal  ])oriod, 
giving  and  commenting  on  tho  various  opinions  hold  oonoorning 
debated  points;  and  especially  remarking  uiM)n  tho  niodifiivatioiiN 
which  the  several  faunas  undergo  in  their  piutsago  upwiinlN.  VVitli 
each  formation  is  also  given  a  table  wherein  tho  various  hmln  of  whinh 
it  is  composed  in  the  difierent  countries  of  Western  Kuro|)e  aro,  hh  fur 
as  possible,  correlated. 

Li  the  third  part,  under  the  heading  "L'EHp^co  on  Htmtigniphio/' 
the  author  expresses  his  idea  more  clearly.  This  HiMiins  to  bo,  that 
every  bed,  like  an  organized  being,  paHsciS,  mo  to  Hpeak,  through 
certain  phases  of  existence. 

Its  deposition  is  its  birth,  it  then  undorgrKfS  a  mfrios  of  nntta- 
morphoses  until  it  reaches  a  stage  in  whioh  it  uttiiinN  iix  full  growth 
and  ceases  to  alter.  Thus  Lignite  (lasses  itiU)  (Um\  mid  th(*n  (irajdiito; 
Xdmestone  into  semi-crystalline  Limestone  and  tli«&u  uvU^  ¥A»i^(^\jsii' 
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Xiimestone.     Finally  it  dies  a  natural  death,  being  canied  off  by 

atmoBpherio  or  other  agencies. 

Further  on  M.  Dollfiis  gives  the  laws  of  Hieckel,  applying  tJiein 
as  far  as  possible  to  bis  theory  as  well,  which,  owing  to  tbeir  nature, 
is  easy ;  and  with  the  exception  of  the  third  he  suoceeds  in  making 
out  a  kind  of  analogy.  He  ooncludea  with  soma  broad  refiections 
on  the  progress  and  future  of  Geology. 

We  cannot,  howeTer,  agree  with  Uie  anthoT  either  in  bis  main 

I        point,  or  in  seveml  minor  questions,  which  occur  in  Ibe  course  of  his 

book ;  though  its  perusal  has  afforded  us  much  pleasure. — B.  B.  W. 
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Opbmihg  Mbbtino,  SBaBioN  1 8 75-7 G.— November  3rd,  1875.— 
John  Evans,  Esq..  V.P.E.S.,  President,  in  the  Chair.— The  following 
communications  were  re-nd  before  the  Society  : — 

1,  "  On  some  new  Macrunms  Crustacea  from  the  Eimmeridge 
Clay  of  the  Sub-Wealden  Boring,  Suaaes,  and  from  Boulogne-sur- 
Mer."     By  Henry  Woodward,  Esq.,  F.R.S.,  F.G.S. 

The  first  speoies  described  by  the  author  belonged  to  the  foaaorial 
family  Tbalaasinidie,  six  speoies  of  which  belonging  to  four  genera 
are  now  found  on  the  British  ooasta.  The  known  fossil  species  are 
from  the  Chalk  of  Mneetricht,  the  Urecnsand  of  Bolioiniaand  Silesia, 
the  Chalk  of  Boliemiii,  tlie  Greensaii.i  of  Colin  Glen,  iie^r  Belfast, 
and  the  Upper  Marine  Smes  of  Hcmpsteid  Isle  of  Wight  All 
these  arc  referred  to  the  genus  C  as      \i  d 

species  from  the  Kimmeriilge  CI  p         Th 

fossil  is  seen  in  pvofilo  on  Severn,  as 

enlarged  hands  of  the  fore-limbs  o   y    q  n 

the  living  epoeics  of    CaUiaiiiissa       h  p  d   se  m 

the  abdomoii  are  smooth,  and.  the  d 

profile,  contracted  at  each  extremity,  and  not  pointed,  and  the  caudal 
plates  are  oval.  For  this  Crustacean  the  author  projioaea  the  name 
of  Callianaiisa  hofhela. 

Tlie  second  species  described  belongs  to  the  genus  Mf:coehinis, 
distinguished  by  the  great  length  of  the  fore-limbs,  which  is  equal 
to  that  of  the  whole  body ;  the  oldest  known  species  of  which  {JIT. 
oH/'-x,  Qucnst.)  is  from  llie  Lower  Lias  of  Wiirtti'mlierg.  It  was 
obtained,  together  with  Lingula  oi-alia,  from  the  Kimmeridge  Clay 
of  Boulogne,  hy  Mr.  J.  E.  H.  I'eyton,  after  whom  the  author  pro- 
poses to  name  it  Jlf.  Peyloni.  In  tjiis  species  the  fore-legs  are  very 
finely  punctate,  and  measure  75  milliins.  iu  length,  llie  roatrnm  is 
Bomewliat  produced,  and  the  carapace,  which  is  finely  granulated, 
measures  30  niillims.  in  length.  The  antenute  m-e  long  and  slender. 
Tlie  abdomen  measures  45  millims.,  and  the  epimeral  borders  of  the 
segments  are  falcate.  Tlie  species  is  intermetliate  in  size  between 
M.  sorinlis,  Sley.,  and  M,  Peareci,  McCoy,  which  the  author  regards 
as  (Ji.sliiict.  He  also  roicra  ^o  M.  Peyloui  a,  ijair  of  fore-Uniba  ob- 
tained from  the  Sub-'Weo.\46n\Mt"uig. 
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2.  "On  m  WW  FokO  Cimb  from  iSbit  Tertiuy  of  New  Zealand.** 
Bj  Baarj  WoodwmnL  Ym^  F.1LS-.  F.G& 

Lb  tiiii  paper  the  andior  dcaciibed  a  czmb  obtained  by  Dr.  Heotor, 
F.R&,  Director  of  tiie  Geological  SoTFey  of  New  Zealand,  from 
tiie  "Piwifie-bedfi^  of  tbe  Ototaia  aenea  in  Woodpecker  Bay, 
Bngbtcm,  on  tbe  west  ooaat  of  the  aonth  island  of  New  Zealand. 
Hie  new  apeciea  belongs  to  the  genns  Harpaetoearciwu^  A.  Milne- 
Edw«,  which  indndes  six  ^lecieB  from  Ihe  Eooene  of  southern 
Barope.  Its  nearest  ally  is  A  ^aodnTodatet,  Desmar.,  bat  its 
fwr^iaoe  is  mnch  more  tomid,  especially  on  the  branchial  and 
gastric  regions;  the  sm-fidoe  of  the  anterior  half  of  the  carapace 
is  neaiiy  smooth,  and  that  of  the  posterior  half  finely  granalated. 
Hie  rostrom  is  short  and  Teiy  obtosely  tricospidate;  the  orbits 
shallow  and  roonded ;  the  hepatic  margin  roanded  and  entire,  with 
only  a  slight  spine  on  the  epibranchial  angles ;  the  diviBions  of  the 
legicms  of  the  carapace  are  only  faintly  indicated;  and  there  is  a 
slightly  roughened  line  on  the  sides  of  the  gastric  intumescence. 
The  characters  of  the  jawfe^  and  of  the  chelffi  agree  with  those 
of  the  Cancridm ;  of  the  latter  the  right  is  oonsiderably  laiger  than 
the  left  hand.  The  specimen  was  a  female.  For  this  spedes  the 
anthor  proposed  the  name  of  Harpaet€fearciwaB  twmdu». 

Dr.  Hector  explained  the  sequence  of  formations  in  the  locality 
firom  whidi  the  above  Crab  was  derived,  and  stated  that  the  Ototara 
aeries  is  to  be  regarded  as  Cretaceo-Tertiary,  containing  some  fossils 
of  decidedly  Cretaceous  type,  such  as  Saurian  bones  and  fragmentary 
Inoeerami,  and  other  forms  that  are  associated  with  decidedly  Mesozoio 
fossils  in  the  underlying  strata.  On  the  other  hand,  the  occurrence 
of  Tertiary  forms  such  as  Nautilus  ziC'Z<Mc  (or  a  nearly  allied  form), 
the  gigantic  Penguin  (Falaeudyptes  antarcticus,  Huxl.),  and  a  Turtle, 
indicate  a  fauna  not  unlike  that  at  present  existing  in  the  vicinity. 

3.  <'  On  a  remarkable  Fossil  Orthopterous  Insect  from  the  Coal- 
measures  of  Britain."     By  Henry  Woodward,  Esq.,  F.R.S.,  F.G.8. 

The  author  commenced  by  indicating  the  importance  of  the  ex- 
amination of  the  Clay-ironstone  nodules  of  the  Coal-moasuros,  in 
which  so  many  valuable  fossils  have  boon  discovered,  including  the 
remarkable  insect  described  in  tlio  present  paper.  The  si>ecirnon 
displays  the  characters  of  the  four  wings,  onlv  two  of  which,  how- 
ever, are  nearly  perfect,  and  those  moasuro  2\  in(;hos  in  length  and 
1  inch  and  1^  inch  in  breadth,  the  hind  wing  l>oing  the  broafWt. 
The  author  described  in  detail  tho  oliaraoters  prosonUnl  by  tlio  vena- 
tion of  the  wings,  which  inoludcM  Uinm  stmlght  vfiinn  niriniiig 
parallel  to  the  fore  margin,  tho  third  bifiinMiting  nitar  tho  apex,  « 
fourth  much  curved  voin  giving  origin  t/i  six  hmtifshns,  and  having 
at  its  base  a  triangular  spfUM*,  from  whioh  fivSms  itm  othor  vnins  ttf 
the  wing.  The  XxAy  aj)|»«mrN  to  hav<i  Utoii  nlMHit  t'»  IhiifN  liroffl  iMt- 
tween  the  bases  of  tho  wiiigN.  In  fffintof  tho  wln^/.M  In  iho  proih/;- 
rax  in  the  form  of  two  largo,  roiin«h»<l,  i\\\tiU%i\,  nwS  vohiod  \ti\Hm  \ 
it  measures  14  lines  imrimn  and  0  lin^s  hi  htn^/Jh.  In  front  of  Uiaat 
lobes  is  thehea'l  ^with  iU  oyon;  \trni\mi*u\  In  front  hil/fi  nshtn«lff 
three  lines  long.     This  hmmi  \n  o'/nnldoio^l  \iy  i\m  aiitlmf 
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most  nearly  related  to  the  Manlidffi,  the  characterB  of  the  b«tt3  u3 
thorax  especially  being  to  some  extent  paralleled  in  the  exieling  genna 
SlepTiarii.  The  aiitlior  proposed  to  name  the  species  Lilhoma»lii 
earbonanua,  and  suggested  that  Qryllacris  (^Corydalis)  Bronjjniarti 
probably  belongs  to  the  same  geaiia. 

■4.  "On  the  DiBoovery  of  a  Foeail  Scorpion  in  the  English  Coa!- 
meaaures."     By  Henry  Woodward,  Esq.,  F.R.S..  F.G.S. 

The  author  commenced  by  noticing  the  various  European  and 
Aineriunn  localities  in  which  foasil  Aracbnida  have  been  foand  in 
the  Coal-nieosureB.  Hitherto  no  true  Scorpions  have  been  recorded 
from  the  English  Coal-measures ;  but  in  1874  the  author  rec^ved 
from  Dr.  D.  B.  Bankin  a  epecimea  from  the  Coal-meaaurea  neu 
Carluke,  which  he  regarded  as  the  fossil  abdominal  segment  of  a 
Scorpion  ;  in  April  last  he  obtained  (through  Mr.  Hy,  Johnson,  C.E,, 
Dudley)  a  fossil  Scorpion  from  the  Sandwell  Park  Colliery ;  and  in 
August  Mr.  E.  Wilson  forwarded  to  him  two  specimens  of  similar 
nature  in  Clay -ironstone  nodules  from  Skegby  New  Colliery,  near 
Mansfield.  The  specimens  are  all  very  imperfect ;  hut  the  author 
Btates  that  they  most  closely  resemble  an  Indian  form  ^vhioh  is 
probably  Scorpio  a/er.  He  refers  the  Euglisli  species  proviaioasllj 
to  the  genus  Eoacorpiut,  Meek  and  Worthen,  and  pi-oposes  to  name 
it  E.  anglievt. 

m  the  deposit  irhiFh  Imd  fnmi  shed  wSbvW  ^XsSSI  Crab  de^rihed  mii^ht  not  tie 
'      "  "      '        ■  ■■      of  prr-enirtine rocU*. 


Dr.  Hector  replitJ  thnt  on  straliffraiiUicnl  grounds  this  could  not  be  the  c; 
Mr.  Churlesvurlh  ntntrd  tli;it  lir;  had  biirn  uiiubli'  lo  nsrcrtiiin  the  nirciiu 
of  the  fossil  OrthoptcToiin  insist  dcsctibeil,  but  thut  he  vas  inlornicii  hy  the  grntlt- 


n  whom  lie  received  it  Ihnt  the  nodnic  containing  the  speciiuco  vras  picked 
up  by  a  lad}'  near  Airdrio,  Scotland. 

I'rof.  Morrifl  lemnrkHl  that  tlio  Neir  Zealand  Crab  iras  of  ccpeeial  int^rost.  Alt 
the  previonsly  dewribcd  Fpeciii  of  Harpaclotarciiiui  had  been  obtoiafit  from  X>im- 
miditic  depnsiU  in  the  snutli  of  Europe,  and  the  eanie  eoiieurrenee  wax  obscrred  ia 
Xeir  Zealand.  Similar  phenomena  occurred  in  Australia,  ^bere  many  species  resem- 
bling Emupcan  forms  had  been  diseovered  by  M'Coy. 

Wr.  Ellieridge  said  Ihnt  one  of  Mr,  Woodward's  papers  demonstrated  the  yaluf 
of  the  Snb-Wealilcn  boring.  He  had  examined  the  eorea,  and  had  rorae  lo  the  con- 
cluEiion  that  the  Oxford  CInj-  was  rcaelird  at  500  feet :  but  in  this  he  was  mistaken, 
owing  to  his  having  wrongly  identified  the  Ammonite  diseovered  at  that  depth  with 
Ammeiiilfi  Jaion,  The  oicurrence  of  the  same  .species  of  (^rustaeean  nt  Buulogoe 
and  in  Snsscl  was  of  great  interest,  as  marking  the  idcntitv  of  the  deposit  in  the 
two  loeolitics.  Linguta  ovali)  occurred  with  other  fossils  throughout  the  Kimme- 
ridge  Clav  of  the  boring, 

Mr.  Woodward  thanked  Mr.  Charlpsworth  for  his  endeavour  to  ascertain  the 
locality  from  which  his  Lil/minonlit  was  obtained.  There  could,  however,  be  ni) 
doubt  as  to  its  geolngieal  horizon. 

5.  "  The  Drift  of  Devon  and  Cornwall,  its  Origin,  Correlation  witli 
that  of  the  Siiuth-oast  of  England,  and  Place  in  the  Glacial  Series." 
By  Thomas  Belt,  Esq.,  B'.G.S. 

The  author  described  the  general  characters  of  the  dtift  in  tlio 
distriut  under  consideration,  and  stated  that  on  tlie  ujilands  the  diift 
consists  of  undisturbed  gravels  oud  travelled  louhlers,  wliich  occur 
only  in  isolated  remnants  on  the  lower  ranges,  and  tliat  in  the  low- 
lands  and  valleys  wiUiin  "VOO  ^cot  o^  'die  \ixeMitvt.  Itivel  of  tlio  sea  the 
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^iwak  oane  widehr  sproftd.  anH  show  «i{n)^  nf  findd«ti  «iiul  MimiiYttions 
aotiaii.  Setwean  the  njiland  and  lowimicl  ^fm^rf^i<«  He  ^^mtmder^il  \h%\ 
fgamt,  dflxuuiaxiaxi  had  takan  plac».  IBe  nrnintain^  ih»t  l4io  KMi14<»r8 
«nd  llie  -mnt^^i^ift^  of  the  ^rmvak  had  boon  di«lrihitt^  b^'  fi<mf  iug  i^, 
andihat  their  preaanoe  on  the  stnnmii  of  IWlmoor  indkail^  fhvit  (hr> 
wBfeBT  an  -which  the  ice  Seated  xnuai  have  oiet^tul^  n|>  l^  IdOO  ^1 
afafyvB  ihs  jmaant  aea^level ;  but  he  «i$rii«d  that  4;)ii8  "wat^t  was  not 
^uEt  of  -fike  aaa,  beoaiue  no  old  aea-lteaohea  ^  Tiittiaitts  t>i  mann^ 
firgatniwnfi  axe  to  he  fbimd  in  the  T^ion,  ahhoii|?h  'f^Mh-wats^r  «h<^1la 
auFB  pseBBrvfld.  He  aaodhed  thase  phctnomena  %t>  th^  jf^^^^**^^  ^^  ^ 
^pnaEt  freahwatBr  laka,  }vrodnoed  hy  the  Araini^  ^  w«r^  >^\r\^ 
dsmmedhac^hyagreat  glaoiea'^wiTigfiY)im  theYt^^  (^^tw^^ 

laskd )  down  the  "present  bed  of  1^  Atlasitia  and  m*<^  di^  ^fi^i^i->tM^ 
parte  of -die  continent.  T^^  antilior  disoaiffied  the  oharaNseii^  <^  4^ 
anpes^oial  depositB  in  l^e  sontheim  and  «onth-«a«it^m  <vnrtyiH<>«.  avi^ 
ndjoated  the  points  in  which  these  eeconed  to  be^r  ont  hif(  >\>^-]wt'h<«¥iiii. 
The  BBqpBotce  of  phenomema  asomed  bj^  ^^  aiithor  k  aa  f^Ui'^t^'w : 
— Aooeptmg  Itz.  Tylor's  notion  that  t^e  actoal  fK^a-level  tnn>«t.  hax'^e 
been  lower^  during  the  Orlaoial  period  in  oonaeqnenod  of  i)ie  ^rn^i 
aooomnlation  of  water  in  the  form  of  ice  at  th^  |>ol<^  h«  WH^ka  a 
point  of  departore  for  1i>e  Orlacial  period  in  th<^  iir^t  «v\tW<^  ^f  i^noh 
a  lowering  of  the  fiea-leTcL  The\\%boum^  aamU  an4  th«  mari^« 
beds  of  Portland  Bill  were  deposited  when  \\\^  aoa  wa«  at  at><>nt  ita 
preeent  leTel,  and  the  Bridlington  Ciag  prol>ably  MtMiispK  t^>  th^  aatn^ 
period.  Tlie  fossils  found  in  these  deiXMita  f\\<m  that.  th<^  w^ti^i-a 
were  cold.  The  first  stage  of  the  Qlacial  )x^ricKl !«  thai  of  th<^  oM^t 
Foreet-beda,  and  the  immigration  of  a  uumlK^r  of  gixHit  Maii\timtU 
and  of  Pabeolithic  man  indicates  Uiat  tho  aoa  had  t^h>^d  i\\sx\\  the 
British  Channel  and  the  Genuan  Oooan»  loavii\g  the««  UUnittt  k^^w* 
nected  with  the  continent  A  gn>at  river  proluihly  mn  AOMthwatnta 
through  the  region  now  submorgtHl.  llio  aocotut  alam^  in  ttiAtk^^l  by 
the  continued  advance  of  tlio  ioo  from  the  uoHh»  the  nilr^t  Df  Om 
southern  fauna  and  Palaeolithic  nmn»  and  (hi)  arrival  of  At-iHIi) 
Mammals.  The  third  stage  saw  tho  oulmiimtioit  of  tho  (lUti^inl 
period  and  the  greatest  extent  of  tho  Atlnntto  tflnnlnri  whioh  t-paoh^it 
to  the  coast  of  Europe,  blocked  up  tiio  Mtiglinh  (Jhatiuel,  atnl  munpit 
the  formation  of  an  immonHo  lake  of  fVoiutwatnr  by  ilatntitlii^  )mi*k 
the  drainage  of  the  whole  of  nortli-wontorti  Ktit'opcit,  an  atrAaitv  hi<1l- 
cated.  In  the  fourth  stage  tho  Atlaniio  gtaolnr  boj^ati  irt  f^ftr^nt^ 
and  the  sudden  breaking  away  of  tho  barrlor  of  toe  that  MoMk'"!  up 
the  mouth  of  the  Channel  caused  tho  tutnuliiiottM  tllfNthnrf^n  of  Om 
watera  of  tho  great  lake,  by  whioh  tho  Mpt^aititii;  of  flif9  ImwIumiI 
gravels  was  effected.  To  tliia  caune  thn  attihor  aUHIftifc^  (Iim  foi . 
mation  of  the  Middle  Glacial  m\u\n  i\\v\  \g,tt\stt\n  n^  Norff/lk  mimI 
Suffolk.  During  tho  fifth  Mtago  tho  100  of  Mm  Ut^rrnnn  ^h^nu  I'nu- 
tinned  to  retreat;  but  thero  was  a  Ujiritrornry  niUtKum  of  Wm  AO»MH'f 
glacier,  which  again  blocko<l  up  th<i  i)utxuut^\^  ari'l  \itnt\m^A  a  nhi-nw\ 
great  lakf^,  which,  how<!)V<;r,  di/i  wii  atuir»  wi  f/r<^at  a  Ut)\i,)ii  nn  iUh 
first,  and  its  watcm  w<)n?  n^/t  i\\m'\\ti,r}t^\  \n  Um«  mw**  ^uu^^MifiiM 
£ashion«      At  this  i^tumI  tli«  Upi#^  mn\fUt'h\n^  nt   H'ik(*A\K  a<  ■* 
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Bnffolk  was  formed ;  bnt  the  author  ia  not  convinced  th»t  Qui 
formatiou  is  represented  south  of  the  ThameB  except  by  the  "  Trail " 
of  the  Kev.  0.  Fiaher.     In  the  slsth  and  last  stage  the  Atlantic  ice 

retreated  as  far  as  the  north  of  Scotland,  but  the  eea  had  not  re- 
iamed  to  its  former  level.  The  British  Isles  were  ooanecCed  with 
the  continent  and  with  each  oilier.  To  tiis  the  author  assigns  the 
last  great  forest  period,  and  the  arrival  of  Neolithic  man  and  the 
■ssooiated  fauna  from  tiie  continenL 

DiBccasioH.— Hi.  Hicki  etated  that  he  had  aaHixi  tliat  the  gUciittion  at  St. 
Satid'a  ia  from  the  anrth-weit.  He  had  alieadf  staled  before  tbs  Socielf  hii 
epinion  that  there  had  been  depreuioiu  piuceediug  from  a  point  is  the  Atlantic, 
probubly  not  far  from  the  coait  ol  South  America,  to  the  nortn-vst  anij  notth-cwti 
■od  this  might  pcrhftpa  have  Bomethin^  to  do  with  causing  a  Bow  of  i«  from  Green- 
land to  the  Boulh-ffiitt  ia  North  Amenca  and  to  the  soath-eoM  io  Eompe. 

Her.  0,  Pinher  wished  to  know  what  would  be  tlie  area  of  the  grest  frwhwalei 
lake  eiipposod  to  be  produced  bj  the  damming  action  of  the  great  Atlantic  glacier. 

Tbe  Author  slated  that  the  area  blocked  up  b]r  the  ice  would  be  about  40,000 
XjuarD  miles  (3000  x  ^00),  and  would  include  all  the  region  drained  bf  the  pi««nit 
northeni  rircri. 

Prof.  Hughes  wished  to  know  nii)'  the  waten  could  not  drain  off  bv  way  ol  the 
BUek  Sea,  and  whj  the  advancinB  Atlantic  glaciot  should  he  supposed  to  slop  josi 
•t  the  wcstoni  point  of  Cornwall.  He  could  discover  no  eridenoe  of  there  ever 
lulling  been  «  lake  such  as  the  author  described.  The  drift  graTcU  Were  the  rasult 
of  all  the  agencies  ol  denudation  which  had  evci  becu  at  work,  and  the  bouhlen 

"■-  bottom  of  the  low-ground  drifts  wore  projial:'- ' "-  '-"  -'  -"•-=-  '- 

■ammite.    The  booiden  at  Um  drW,  if  tt^ 
tansiat  of  Greenland  rocks,  whereu  they  wmtfiM  ,  „  _ 

Id  the  diri'1-tii.iii  of  i:li<i~iiitii>n  in  lirlltilti  nnd  Northern  Emope  being  from  the  north- 
west,  bii  could  not  aj^e  with  the  author.  In  many  pluciv  gluciation  might  be 
obaerveil  running  in  c>  erv  direction  ;  iiud  it  was  not  fair  to  note  only  icrlaiu  itria;, 
■nd  neglect  those  which  were  not  in  favour  of  n  foregone  conclu.=ion.  He  thoucht 
that  Air.  Campbell  had  shown  clearly  that  the  glaciation  of  Ireland  took  place  from 
the  north-east. 

Mr.  Moggridge  remarked  that  a  very  flat  countri-  extended  across  the  continent  of 
Europe  from  Kngland  to  the  Black  Sen,  and  (liou;rht  that  in  tliat  direction  there 
waH  no  land  sulKoienlly  high  to  form  the  boundary  of  such  a  hike  ns  thnt  required 
by  the  author's  theory. 

Rev.  T.  6.  Ronncy  s.iid  thnt,  in  addition  la  the  diflirultiea  which  Prof.  IIngh«« 
had  montirmcd,  (our  others  at  least  occurred  to  him ; — That  tlie  barrier  to  Mr.  Lell's 
lake  was  defective  between  the  highlands  of  Brittany  nnd  the  AuvergDc;  thai  the 
ice  in  its  course  from  Greenland  would  have  to  cross  a  part  of  the  Atlantic  where 
the  dejith  npproached  2000  fathoms,  which  seemed  to  demand  an  iuconceiTjible 
accumulation  in  that  cnnnnT :  and  that  under  such  circumstances  'Wales,  Scotlanil, 
and  Scandinavia  must  have  had  their  own  ice-sv»tems;  and  that  to  reach  Scamlin.ivia 
(which  certainly  bad  its  own  i<:e-system),  thi»  great  sheet  must  liave  cnwscd  the 
Lofoten  Islands,  yet  all  the  higher  hills  in  these  were  remnrknhly  sharp  and  broken. 
Further,  in  regard  to  whnt  Mr.  Belt  hod  said  about  the  lowering;  of  the  general 
level  of  the  sea,  it  most  be  remembered  that  aucb  an  icc-cap  would  raise  the  level  in 
the  hemisphere  where  it  occurred. 

The  Author,  in  reply,  said  that  bo  did  not  want  the  ice  (o  stop  at  Cumwall.  but 
that  his  statement  as  to  its  limits  wa«  founded  on  observed  marks  of  glacialion.  He 
thought  the  absence  of  marine  remains  throughout  the  drifts  of  the  northern  plains 
of  Europe  was  n  highly  imprtant  nnd  suggestive  fact.  With  regard  to  the  glacia- 
tion  of  Ireland,  he  remarked  that  the  ice  flowing  sonth-eoat  from  Greenland  would 
strike  against  the  high  lands  of  Scotland  and  England,  and  be  turned  bark  over 
Ireland.  The  lowering  of  the  sea  was  not  absoluti'ly  required  hy  the  necessities  of 
tho  paper;  hnt  if  the  accumulation  of  iee  took  place  simultaneously  at  both  pole!, 
the  flea  must  necessarily  be  greatly  lowered. 


fcfc. 


Correspopuience — Mr.  G.  Pouleit^Scrop^  d3S 

CTP-3HAPHD  JOOTS  OF  BASALTIC  COLUXN'S. 

Sib. — It  ia  clear  (firom  3ir.  Mallef  s  letter  to  you,  see  Gaai».  M.vd« 
ISow,  1875,  p«  066,  and  also  from  his  communication  to  "  Nature  ' 
of  this  date)  tiiat  no  Jheta  which  may  be  adduced  can  be  i^ai^IeJ  aA 
of  any  Talue,  if  tiiey  diaconntenance  a  '  cut-and-dried '  theory  out 
which,  a  '  phyacist '  baa  made  up  his  mind.  He  coutenta  himeelf 
widi  smply  reasaertin^  hia  theory,  and  resolutely  rehiaea  to  excutiiiid 
tiie  appearancea  presented  by  tiie  fine  group  of  columna  in  the  Hull 
of  the  GeologicflLl  Society,  to  which  I  have  referred  him»  aa  b«fuig 
totaQy  inconfliBteait  with  tL 

Mr.  Mallef  a  theory  preaupposedt  in  his  own  words*  that  "  Tbi» 
eoiiTez  sorfiice  of  the  joint  "*  should  ''  always  point  in  the  sam^ 
direction  aa  that  from  which  the  cooling  ana  consequent  splitting 
proceeded'*  (p.  182  of  Proceedings  of  Boyal  Society.  No.  15i>\  1 
Tentnred  to  submit  thia  supposition,  which  did  not  agree  with  my 
experience,  to  the  teat  of  ^  hctaJ*  In  the  triple  group  of  coliuund 
horn  the  Gianfa  Canaeway  in  the  possession  of  the  Society,  iu  which 
there  ia  erery  reason  to  suppose  the  cooling  and  splitting  had  pro* 
oeeded  throughout  in  one  and  the  same  direction,  do  the  convex  !»ur« 
faces  of  their  joints  all  point  in  the  same  direction  ?  1  found  them> 
on  the  contrary,  pointing  in  different  directions.  Nay«  eNt»u  in  one 
column  an  articulation  of  little  thickness  showed^  two  oup-dk^^Hxl 
ooncaTitiea  pointing  different  ways,  back  to  l)aek»  like  thi>t«e  of  a 
bi-concaTe  lens.  Now  how  does  Mr.  Mallet  attempt  to  get  ovt>r 
this  difficulty?  Why,  by  supposing,  or  rather  asserting  as  a  fk't 
proved  hy  his  theory,  that  the  cooling  process  in  this  cotumn  pjiv- 
oeeded  in  opposite  directions,  from  the  top  as  well  as  the  b<>ttv>m« 
and  met  in  the  interval  between  the  two  opi)Osite  conoaxt)  joiutai— 
that  interval  being  an  articulation  only  a  few  iuohes  thick,  aiul 
showing  no  sign  of  seam  or  separation  across  itt  But,  iu  additive 
to  the  obvious  improbability  of  this  suppi^ition,  Mr,  MaUt»t  hua 
himself  disposed  of  it  in  the  following  passage  (J^Hgo  183,  Pihh>.  lu\val 
Soc.  No.  158):  •'  If  the  mass  cools  both  fixmi  the  top  and  the  iH^ttoui, 
the  prisms,  vertical  and  straight,  will  meet  iu  au  irrt^gular  iutorute- 
diate  stratum  of  angular  fragments.** 

I  have  already  said  tliat  there  is  no  appoarauoo  of  auy  tuoh  iuttu- 
mediate  fragmentary  stratum  witliin  the  vory  thiu  nrtioulutiou  iu 
"whioh  Mr.  Mallet,  in  order  to  save  his  thoory,  now  oluHmoH  to  plm^ 
the  separating  plane  between  the  portions  o(H)lod  fi*oui  ahovu  uuil 
from  below. 

In  addition  to  the  evidenoo  furnished  by  iho  ooluinu  In  ilm  Hut^ltity's 
Museum,  which,  however,  is  quite  conohmivo  on  ilio  qiinNtlon,  I  Imvtt 
the  authority  of  my  friend  Mr.  Judd,  wIioho  O()ni|ioionny  iin  iin  ob- 
server will  not  be  disputed,  for  the  fact  iluH,  In  Uio  iilutroiiu  of  tlia 
6iant*s  Causeway,  as  well  as  at  HtiifTu,  tlmro  am  (o  ho  noon  nl  lunHt 
as  many  concavities  as  convexities.  And  ovmi  Mr.  Miillot  will 
scarcely  deny  that  in  all  those  colunniN  tlin  (Miolin^  niUMt  \i%\ 
oeeded  in  the  same  direction;  namely,  fn)m  Imlow  n^iwardiu  '' 
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the  very  regular  oolumnar  rang'oa,  to  whioh  Mr.  Mallet's  theory 
rolato9,  have,  one  and  all,  evidently  cooled  from  the  bottom ;  the 
upper  portions  of  the  basaltic  beds  being  nearly  amorphous,  or,  if 
prismatic  at  all,  composed  of  very  imperfect  groups  of  prisms. 

Apart,  indeed,  from  Mr.  Mallet's  ideal  columns,  I  will  stato,  as 
the  result  of  ray  own  obaervutioiiB,  that  in  every  natural  section  of 
a  basaltic  columnar  range,  the  plane  separating  the  portion  in  which 
oooling  probably  began  below  from  that  in  which  cooling  began  at 
the  upper  surface,  is,  as  a  general  rule,  horizontal;  the  two  portions 
being  as  distinct  as  is  the  arciutravo  in  a  Qreek  temple  from  the 
.  supporting  columns  (as  may  be  seen  in  any  good  drawing  of  Staffii, 
^or  of  the  basaltic  columnar  ranges  of  the  Vivarais,  Auvcrgne,  etc.). 
The  upper  portion  is,  indeed,  generally  amorphous,  or  nearly  so,  and 
BO  decidedly  separated  from  the  lower  regular  columnar  range,  as  to 
have  been  usually  mistaken  for  a  separate  lava-flow  of  later  forma- 
tion. If  Mr.  Mallet's  notion  could  be  realized  anywhere,  it  would 
be  in  the  horizontal  columnH  of  a  vertical  dyke,  formed  by  contem- 
poi'aneoHB  cooling  from  both  of  its  sides.  I  will,  however,  venture 
to  say  that  no  instance  can  be  produced  of  a  single  continuous  column 
passing  unbroken,  from  side  to  side,  of  any  dyke.  Can  Mr.  Mallot 
produce  any  example  of  such  a  fact  from  his  own  obaerralions  ? 
Tlia  columns,  on  the  contrary,  always  terminate  towards  the  centre 
•  «f  the  dyke,  either  in  a  seam  of  amorphous  lava,  or  an  interval  filled 
with  nibble  fand  this  Mr.  Mallet  himself  admits,  as  in  the  former 
insliiiu-p,  p.  18;i),  or  soiiitlimos  tlicy  iire  seji^imtoil  l>y  a,  still  more 
recent  vein  of  lava.  Finallj',  I  leave  it  to  nil  geologists  iutere.ited 
in  (he  question,  to  examine  the  columns  in  the  possession  of  their 
Society,  and  form  their  own  opinion  upon  the  point  in  dispute  be- 
tween Mr.  Mallet  and  myself. 

It  is  of  the  more  importance  from  its  having  an'inJirect  bearing 
on  the  main  question  as  to  the  influence  of  concretion,  no  less  tlinn 
of  simple  contraction,  U]ionlhe  production  of  the  columns  themselves  ; 
a  <piestii)n  upon  which,  likewise,  I  have  the  misfortune  to  differ  with 
Mr.  II.  Mallet,  who  will  not  admit  of  aTiy  concretioiiary  action  at  all 
— even,  for  example,  in  tiie  case  of  the  nearly  globular  articulations 
of  the  prisms  of  the  C I leeso- Cellar  at  Boi-trich.  But  upon  tiiis 
point,  I  will  not  here  enlarge, 

CoBiIAH,  A'wwnier  3rrf,  1873.  G.    PoVLBTT   ScKOPE. 

OX   TIIE    TRESKXCE   OF   TIIE   GENERA   FLICATOCSiyVS.  COTYLE- 

DERMA  .\ND  SOLAXOCIIIXUS  IN  BRITIStl  STll.iTA. 

SiK, — At  the  IJrilish  Association  Meeting  a  few  weeks  since,  F. 

Longe,  Esq.,  F.G.S-,  of  Cheltenham,  handed  to  me  a  very  jierfect 

exampleof  the  interesting  but  little  known  Crinoidl'dViifooniiHS  which 

had  been  found  by  him  ou  the  coast  near  Brtdport.    He  informed  me 

he  had  shown  it  to  Dr.  Wright,  who  had  referred  it  to  the  family 

Cirripcdia,  to  which  at  first  sight  it  bears  some  rcsem bianco. 

I  explaineil  to  Hr.  Longe  that  this  was  incorrect,  as  it  belonged 

.  to  thf  Criaoidcn,  at  which  grami  Dr.  Wright  had  so  long  been  wock- 

big-,  aii(J  that  I  was  alvcaAy  Y*^aaeBBei  ol  fteNe-vaX.  ot  \.\ia  above  genera 
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and  species  from  the  same  geological  horizon  as  those  previouslj 
found  on  the  Continent.  A  notice  of  these  appears  in  my  paper 
on  "  Abnormal  Conditions,"  etc.,  p.  480  of  the  Journal  of  the  Geol. 
Society  for  1867.  Mr.  Longe  with  much  liberality  presented  me 
with  the  specimen. 

After  this  I  showed  it  to  Dr.  Wright,  and  pointed  out  to  him  the 
zoological  position  that  had  been  assigned  to  it  by  continental  geolo- 
gists, and  in  reply  to  his  inquiries  informed  him  that  the  best  figures 
and  description  would  be  found  in  a  paper  by  Dr.  Deslongchamps  of 
Oaen. 

Dr.  Wright  lost  no  time  in  referring  to  Dr.  Deslongchamps'  de- 
scription, for  in  a  note  to  me  on  another  subject,  he  remarks :  ''  As  I 
am  always  on  the  look  out  for  any  new  facts  to  chronicle  in  relation 
to  my  own  subject,  I  sent  a  short  notice  of  Mr.  Longe's  discovery 
to  the  QsoLOGiOAL  Magazine,  and  herewith  inclose  you  a  separate 
text"  In  this  he  quotes  the  history  of  Cotylederma  as  given  by 
Dr.  Deslongchamps,  but  makes  no  reference  to  the  conversation  I  had 
with  him  respecting  it.  At  this  time  I  had  no  opportunity  of  seeing 
Dr.  Deslongchamps'  memoir,  or  comparing  the  specimen  with  those 
in  my  museum.  On  my  return  home  I  found  it  belonged  to  the 
genus  Plicatocrinua,  and  not  to  Cotylederma  as  I  had  first  supposed. 
Had  I  been  aware  Dr.  Wright  intended  sending  a  notice  of  the 
specimen  for  publication,  I  could  at  once  have  corrected  the  error. 

From  his  remark  in  the  last  paragraph  that  '*  it  is  the  first  English 
specimen  of  this  curious  form  of  the  Liassic  sea  which  I  have  yet 
seen  from  our  Lias  beds,"  he  does  not  appear  to  be  aware  of  its  pre- 
vious discovery  by  myself,  though  on  one  occasion,  if  I  mistake  not, 
I  called  his  attention  to  examples  in  my  museum,  where  they  have 
been  publicly  exhibited. 

T  took  with  me  to  the  Bristol  Meeting  a  beautiful  specimen  of  the 
genus  Solanocrinus  I  have  lately  found  in  Oolitic  strata,  and  now  first 
recorded  as  a  British  genus,  but  withheld  a  notice  of  it  in  order  to 
have  drawings  prepared  of  Mr.  Longe's  Plicatocrinus, 

Bath,  Oct,  25,  1875.  Chables  Moobe. 


WILLIAM     SANDERS,      F.R.S. 

Death  has  removed  another  of  the  small  band  of  distinguished 
geologists  that  commenced  their  career  when  the  science  they 
cultivated  and  elucidated  was  yet  in  its  infancy.  Tlie  late  Mr. 
William  Sanders,  F.R.S.,  was  a  native  of  Bristol,  and  for  upwards 
of  forty  years  of  his  life  was  intimately  associated  with  the  most 
distinguished  names  that  have  enriched  geological  science. 

He  devoted  his  life  to  the  study  of  the  physical  structure  of  the 
Bristol  area,  and  early  in  his  scientific  career  was  the  friend  and 
companion  of  Prof.  Phillips  in  his  Geological  Survey  of  North 
Devon  and  Cornwall,  which  occupied  some  ^oore.    "BX^  Oav^1\65QW« 
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however,  and  tb&t  by  wbioh  bis  name  will  ever  be  remembered,  was 
the  prepai'ation  nad  coustrnction  of  aa  olabornte  geologicAl  map  of 
the  area  comprised  within  the  GluucoBtershire  and  SomeraetBhire 
Ooal-fietd.  The  scale  of  this  map  in  four  inchea  to  the  mile  (four 
times  the  ecale  of  the  Orduance  Map),  and  the  detailed  geological 
etructure  of  tbe  entire  area  was  conscientioualy  and  carefully  worked 
out.  The  labour  devoted  to  this  map  by  Mr.  Sanders  extended 
over  fifteen  years,  and  the  work  occupies  nineteen  folio  sheets  geo- 
logically coloorod,  and  the  pbyaicnl  details  added. 

Sir  Henry  de  la  Becbo  and  Professor  Phillips  in  days  long  gone 
by  urged  u|h>u  Mr.  Sanders  the  importance  of  oonstructing  a  map 
upon  Buch  a  scale  that  the  oomplicated  striiolure  of  the  Bristol  Coal- 
Field  should  be  eo  clearly  expressed  that  its  mineral  wealth  should 
be  better  understood  and  appreciated.  It  may  be  truly  said  that 
no  man  singld-handed  ever  constructed  such  an  exact  geological  map 
for  any  area.  Associated  with  this  map  should  be  mentioned  another 
original  and  lasting  labour  by  Mr.  Sanders,  riz.  the  measured  sec- 
tions of  t]]e  extensive  cuttings  (delineated  to  scale)  of  the  Bristol  and 
Exeter  Railway  from  Pyle  Mill,  Bristol,  to  Uphill  on  the  Mendips, 
and  the  line  from'Bristol  to  Batb,  in  both  of  which  the  emnllest 
details  are  laid  down,  whether  of  Physical  or  Palwontologioal  value. 
Their  value  remains  ondiminished,  although  done  thirty-five  years 
ago. 

Pew  there  are  who  can  appreciate  the  patient  labour,  ability,  and 
moutal  ciiltui-c  required  to  carry  out  am!  ciiiii]ilete  .so  extended  a 
survoy  over  so  complicated  a  region,  Tbeeo  labours,  however,  added 
to  his  other  acquirements,  made  his  scientific  reputation  and  enriched 
his  native  city, 

Mr.  Sanders  rendered  great  service  to  Bristol  in  connection 
with  the  water-supply  through  his  intimate  knowledge  of  the 
water-bearing  strata  and  resources  in  the  Mendip  area,  and  also 
during  the  survey  of  the  city  with  reference  to  its  sauitary  condition : 
facta  little  known  to  those  outside  the  world  of  science,  and  who 
have  not,  like  Mr.  Sanders,  patiently  pui-sued  a  line  of  study  anJ 
research  much  in  advance  of  their  fellow -citizens.  He  was  m 
ardent  student  in  mineralogy,  and  few  were  more  accomplished  in 
cryslaliography.  Ho  mastered  its  mathematical  details  in  the 
ehilwrate  treatises  of  Brooke  and  Wilier,  Dana,  and  Nauniann. 

Mr.  Sanders  was  elected  a  Fellow  of  the  Royal  Society  in  18G4. 
For  upwards  of  thirty  years  he  held  the  office  of  honorary  secretary 
to  the  Museum  of  Natural  History  attached  to  the  Philosophical 
Sociotj-  and  Institution  of  Bristol.  He  spared  neither  time,  trouble, 
nor  expense  to  carry  out  its  legitimate  objects.  Mr.  Sanders' labours 
and  researches  have  contributed  in  no  small  degree  to  the  develop- 
ment of  geological  science,  and  the  sheets  of  bis  large  map  formed 
the  basis  upon  which  the  materials  accumulated  l]y  the  Hoyal  Coal 
Commission  relative  to  the  Gloucestershire  and  Somersetshire  Coal- 
fields were  represeutod.  His  name  will  ever  bo  associated  with  the 
iaboiirs  of  the  great  and  good  in  science,  and  those  who  knew  him 
host  will  most  deeply  toowvh  \us  \<isB.  K.  E. 
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